AMERICAN WATER WORKS ASSOCIATION 
0a 
ratio CopyYRIGHT, 1948, By THE AMERICAN WATER WorKS ASSOCIATION, INC. 
ation 
| Vol. 40 AUGUST 1948 No. 8 
» ar 
Water 
eport 
Pany Rates and Regulations for Water Used in Air Conditioning. By Frank 
Esti. C. Amsbary Jr., Elwood L. Bean, Ted H. Kain, Lynn B. Mighell AZ 
oud Reservoir Lands Pay Their Way. Panel Discussion. 
‘ants, Balanced Use of Reservoir Lands. By Wendell R. LaDue ......... 827 
af Income From Water Department Property. By George F. Hughes.. 830 
Fa Forestry on Reservoir Lands. By John M. Heilman ............... 832 
to 
nt of Chiorine and Demand. By J. O. Loman 837 
(se Dealing With the Public in Obtaining Rate Increases. By Leonard N 
a Thompson, Rennie I. Dodd and William R. Wise ............... 842 
ta. 
pany Determination of Economical Pipe Diameters in Distribution Systems. 
an A Theory of the Functioning of Filters. By H. FE. Hudson Jr. ....... 868 
reaks 
Dec Prevention of Underground Leakage. By Loren E. Blakeley and 
mgd Collected Standard Specifications for Service Line Materials. Com- 
OF Water Works 890 
(Year 
come 
teres! 
)pera- 
ypula- 
wr 108 Reproduction of the contents, either as a whole or in part, is forbidden, unless specific permission has 
lant been obtained from the Editor of this JouRNAL. The Association is not responsible, as a body, for 
1. un- the facts and opinions advanced in any of the papers or discussions published in its proceedings. 
a All correspondence relating to the publication of papers should be addressed to 
7%! Harry E. Jordan, Secretary—500 Fifth Avenue, New York 18, N.Y. 
Eric F. JouHNson, Editor LAWRENCE FARBER, Associate Editor 
Daniet N. FiscnHet, Managing Editor P. McSuerry, Associate Editor 
$7.00 of members’ dues are applied as a subscription to the JouRNAL; additional single copies 
to members—50 cents; single copies to non-members—75 cents. 


JU RINE 


AINORBA 


&d 


BREAK-POINT GIVES 
3 WAY PROTECTION AT 
EASTERN FILTER PLANT 


ACCORDING TO STAFF MEMBERS REPORT 
1. elaninaling the mar 
2. the baclori: 


Here’s what the Assistant Superintendent and Junior 


Chemist of a large eastern filter plant have to say about 


Break-Point Chlorination: Fra 

“*** Break-point chlorination has proved successful in Mgr 

eliminating the manganese, improving the bacteriological paig 

record and reducing taste complaints * **”’ Fi 

The Break-Point process—originally applied to eliminate utili 

the manganese was so successful, that the authors continue the 1 

in their report: appl 

but | “*** In accomplishing these results a saving of some 22 = 

Ht percent in the cost of chemicals was realized ***” pee 
@) ul Such results are typical of those you can obtain by using the 

the Break-Point Process backed by W&T’s more than thirty- now 

five years’ experience. For more information on these as start 

well as such other Break-Point benefits as longer filter runs “spe 

and iron and color removal, check with your nearest W&T of v 

Representative or write to Newark 1, New Jersey. = 
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_ Rates and Regulations for Water Used in a 
Air Conditioning 


* ad Frank C. Amsbary Jr., Elwood L. Bean, Ted H. Kain, 
Lynn B. Mighell and Marsden C. Smith 


A panel discussion presented on May 3, 1948, at the Annual Con- 
ference, Atlantic City, N.J. rece 
Frank C. Amsbary Jr. ean A tons upon tons of it. Because the 
’ Mgr., Illinois Water Service Co. Cham- problem ot transportation is added on 
nosigas Il that of service, no valid comparison 

can be made between the two types of 
For years the operators of water utility. 


P utilities have looked with envy at The demands of air conditioning on 
: the innumerable electrical load-building the water system vary from city to 

appliances that have been produced city, depending upon the temperature 
) and placed on the market. At last, a of the water used. Thus, a community 


load builder, air conditioning, has been using wells with temperatures around 
developed which will add greatly to 50°F. has a very different problem 


the revenue of water properties, and from one where the source is an im- 

now certain groups in the industry pounded surface supply. In the com- 
start talking of “special rates’’ and munity with the well supply, the cool- 
“special regulations” to curtail this use ing of the air may be accomplished 


of water. Are these men being short- merely by passing it over water-cooled 
sighted or do they have a real basis for coils. It has been found that such 
concern? Is this a desirable type of installations may require as much as 
load builder? 8 gpm. per equivalent ton of refrigera- 
; tion. Compare this with the commu- 
Outline of the Problem nity which depends upon a_ surface 

Disposing of the comparison with supply: the temperature of the water 
the power industry first, their business is so high that the situation demands 
is essentially to render a service; the refrigerating equipment, which will re- 
water industry must not only render a quire only approximately 2 gpm. per 
service but also deliver a commodity, ton of refrigeration. 
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Geographic considerations have a 
great bearing upon the effect of air- 
conditioning demands on water sys- 
tems. For example, investigation dis- 
closed that, generally speaking, water 
plant operators in Canada are not par- 
ticularly concerned about the problem. 
The daily temperatures are relatively 
moderate; the hot days are few and 
the summer season is short when com- 
pared with climatic conditions in the 
Mississippi Valley or the southern 
states. Identical buildings would re- 
quire equipment of smaller capacity in 
Canada to effect the same comfort as 
in the Mississippi Valley. The air 
conditioner would be used to capacity 
for fewer days during the summer sea- 
son, and the shortness of the season 
would further reduce the total days 
of use. 

It is the author’s opinion that every- 
one in charge of a water property 
should, if he has not already done so, 
make a careful survey of the physical 
plant and determine as nearly as pos- 
sible just what the future may bring. 
Although air conditioning is not new, 
it was only a few years prior to the 
war that it began to receive wide pub- 
lic acceptance. The trend toward air 
conditioning had just started to gain 
momentum when the war brought it 
to an abrupt stop. Since the war, 
because of critical shortages in almost 
every class of material required to 
make such installations, the prewar 
momentum has not yet been equaled. 
Now is the time, therefore, to take 
stock and be prepared. If studies indi- 
cate that the probable air-conditioning 
demands will result in uneconomical 
operating conditions without controls, 
they should immediately be established. 
It is easy to get the customer to com- 
ply with reasonable regulations at the 
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time the initial installation is made 
but exceedingly difficult to get him to 
observe a new rule willingly after he 
has been using his conditioner for some 
time. 

Air conditioning is here to stay 
even though the installations have gp 
far been confined to a comparatively 
few industrial and commercial estab- 
lishments. To meet competition, when 
equipment becomes more readily ayail- 
able and possibly less expensive, all 
retail establishments and more and 
more offices will employ conditioning. 
And it is not believed merely visionary 
to expand this prediction to include 
private dwellings. There seems to be 
no end to the possibilities for the de- 
mand for conditioning installations. 

In studying this problem it must be 
remembered that the physical plant of 
the water property—that is, the source 
of supply, water treatment plant, stor- 
age facilities, heavy-duty pumping and 
distribution system—must be designed 
and built to handle the seasonal and 
daily peak air-conditioning load in ad- 
dition to ordinary consumption and 
fire-fighting demands. The — daily 
peaks in cities of the United States 
from which the author has received 
data indicate that air-conditioning loads 
will run from 22 to 100 per cent of 
the daily average plant output. This 
excess water is being used on peak 
days in a period of from eight to 
twelve hours. There is an economic 
limit on the size of plant that can be 
built to meet such loads and exist un- 
der the present rate structure. Such 
a limit will vary with each individual 
property. 

Methods of Control 


The definition of reasonable control 
is considered to be an individual plant 
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August 1948 AIR-CONDITIONING 
problem, but the author believes that 
prohibiting the use of water-cooled 
coils when wells are the source of 
supply is justified both economically 
and from the standpoint of conserving 
a natural resource. Such a_ prohibi- 
tion would require the customer to 
install refrigerating equipment, which 
may be equipped with water conserva- 
tion auxiliaries if conditions warrant. 

Another approach toward conserva- 
tion is the imposition of a surcharge 
for water used in air conditioning 
without conservation equipment. The 
proponents of this school of thought 
claim that, if customers desire to use 
the water wastefully and will pay the 
higher costs, the revenue so derived 
will support the additional plant facili- 
ties required. But if customers do not 
wish to pay these surcharges and in- 
stall conservation equipment to avoid 
them, there will be only nominal de- 
mands placed upon the system, which 
may be readily absorbed by the exist- 
ing plant. The difficulty in determin- 
ing a surcharge that will equitably 
carry additional fixed charges and op- 
erating expenses to meet this demand 
is apparent and, when arrived at, 
would probably be so high that it is 
not worth the bother to compute it. 
Such a rate would very likely cause 
everyone to install conservation equip- 
ment immediately. 


Illinois Study 


Champaign and Urbana, IIl., de- 
pend for their supply upon well water 
having an average temperature of 54 
at discharge. Although there is some 
rise in temperature by the time the 
water is delivered to the customer, it 
is still well within the acceptable 
range in which water-cooled coils may 
he effectively used. As_ previously 


WATER RATES 811 
pointed out, such equipment uses large 
quantities of water—as high as 8 gpm. 
per equivalent ton of refrigeration. In 
the late 1930’s this demand began to 
present quite a problem and a study 
of controls was undertaken. 

The results of this study and the 
action initiated to effect conservation 
have previously been reported (1). 
A very brief review will provide a 
background for understanding why the 
regulations adopted proved ineffective 
and new ones had to be developed. 

The study disclosed that, under the 
present rate schedule (see Table 1), 
it is cheaper for a customer to take 
water at 58°F., use it and throw it 
away than to install refrigerating equip- 


TABLE 1 
Champaign-Urbana Rate Schedule 


Amount per Rate per 


Quarter 


100 cu. ft. 
cu. ft. 


First 9,000 io $.25 
Next 9,000 18 
Next 9,000 mt 10 
Over 30,000 06 


ment with recirculation. It was also 
found that air-conditioning installations 
in which water from the city mains (at 
a temperature of 58°F.) is used as a 
direct cooling medium in extended sur- 
face coils will require 3-8 gpm. of 
water per equivalent ton of refrigera- 
tion; that conversion to mechanical 
condensing units with conventional 
shell and tube—or pipe—condensers 
would save 73 per cent of the water 
previously used; that if evaporative 
condensers were added to the me- 
chanical condenser units, a further 
saving of 22 per cent would be effected, 
or a total saving of 95 per cent of 
the water used in the first installation 
described; and that over 60 per cent 
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812 
of the total air-conditioning installa- 
tions employed in the United States 
in 1941 were either air-cooled or used 
cooling towers, evaporative condensers 
or the like, thus practically eliminating 
any demands for city water. 

To force the customer to install re- 
frigerating apparatus with a recircu- 
lating device, or conservation equip- 
ment, the Illinois Commerce Commis- 
sion approved an application of the 
Illinois Water Service Company to 
deny any customer the benefit of the 
last two steps in the rate schedule 
unless such conservation equipment 
was installed. This established a sur- 
charge and, although it increased some 
customers’ bills as much as 150 per 
cent, it was still cheaper to use the 
water and throw it away than to in- 
stall refrigerating and conservation 
equipment. The increased revenue so 
derived would not carry the fixed 
charges on necessary added plant in- 
vestment and operation. Nothing had 
been ‘gained. Two alternatives pre- 
sented themselves: to revise the sur- 
charge by actually computing an equit- 
able rate on the basis of the actual 
plant investment plus operating costs 
required to supply the air-conditioning 
demand; or merely to restrict the use 
of water. A preliminary review of 
the factors that would enter into the 
establishment of an equitable surcharge 
indicated that the rates would be so 
prohibitive that, in effect, the result 
would be the same as_ establishing 
rules restricting the use of the water. 


Regulations Adopted 


Having reached this conclusion, in 
1946 the company petitioned the IIli- 
nois Commerce Commission, request- 
ing that the rule authorizing a sur- 
charge be cancelled and submitting a 
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set of regulations which was approved 
and has been found effective. These 
rules governing the use of water for 
summer comfort air conditioning or 
refrigeration read: 


In all apparatus or equipment installed 
for the purpose of changing the dry bulb 
temperature or humidity content of the 
air, whether used in conjunction with 
summer comfort air conditioning or other 
refrigeration, the following regulations 
shall apply: 

(a) The use of water is prohibited 
when used directly from the mains as a 
cooling medium in air washers or any 
type of equipment whereby the air to be 
conditioned comes into direct contact with 
sprays or wet surfaces, or where the 
water is used as the direct or indirect 
cooling medium in coils. 

(b) The use of water is prohibited in 
all compressor-type refrigeration units 
having standard rated capacities * of 1) 
tons or less. 

(c) All compressor-type refrigeration 
units having standard rated capacities * 
of from 14 to 5 tons may be equipped 
with water-cooled condensers using water 
from the mains; provided that not more 
than one such unit with such capacity 
and so equipped may be used in an air- 
conditioning or refrigerating system, ex- 
cept for emergency stand-by purposes. 

(d) All compressor-type refrigeration 
units having standard rated capacities * 
of 5 tons or over shall be equipped with 
evaporative condensers, evaporative cool- 
ers and condensers, water cooling towers, 
spray ponds or other water cooling equip- 
ment so that all water from the mains is 
used for make-up purposes only. 

(e) If other than compressor types of 
refrigeration units are used, the consump- 
tion of water from the mains shall be 
limited in amount to not more per ton of 


*Note: in (b), (c) and (d) capacities 
shall be in accordance with conditions given 
in Standard A.S.R.E. [American Society of 
Refrigerating Engrs.| 
Codes. 


Testing and Rating 
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refrigeration produced than would be 
used by the compressor type described 
under (c) or (d) above when such type 
is operated under normal conditions. 

Failure to comply with the above regu- 
lations shall be sufficient cause to discon- 
tinue service. 


Regulations in Other Areas 


The author mailed out 50 question- 
naires from coast to coast in the United 
States and Canada to determine how 
air-conditioning demands were affect- 
ing plant operations and what was 
being done in the way of regulation. 
Forty-one replies were received, many 
expressing interest, but only a few 
indicated that they had given the prob- 
lem any study. Where regulations 
were in force, the most common 
method used was to restrict the dis- 
charge of water into the sewer system 
to a very nominal amount. 

In Reno, Nev., the per capita con- 
sumption increases from 400 gpd. in 
the winter to 1,000 gpd. in the summer. 
No statement made to indicate 
what proportion of this increase is 
used in air conditioning. The fact 
that Reno has passed an ordinance re- 
stricting the discharge of air-condition- 
ing water into the sewer system would 
indicate that probably a large percent- 
age is so used. Reno has no meters 
because of a state statute which pro- 
hibits them in cities with over 5,000 
population. 

The Indiana General Assembly at 
its last session passed a law restrict- 
ing the use of ground water for air 
conditioning. When more than 200 
gpm. is consumed for this purpose, the 
water must be re-used or returned to 
the ground unless a permit is secured. 
Permits are to be denied in areas 
where records show that such with- 
drawal will be detrimental to the public 


Was 
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health and welfare. The State Board 
of Health must approve recharge. 

Pasadena, Calif., prohibits the dis- 
charge of waste water from air condi- 
tioning into the sewer system. This 
automatically compels the installation 
of conservation equipment. 

The other side of the picture is pre- 
sented by Phoenix, Ariz., which boasts 
that it has more air-conditioning in- 
stallations than any other city in the 
United States. The water department 
considers itself obligated to encourage 
the use of water and air conditioning 
and does not believe that any restric- 
tion designed to curtail such use is 
justified, because the department is in 
the business of selling water and not 
of saving it. This attitude is sup- 
ported by data showing the increased 
consumption over the past seventeen 
vears and a statement that the water 
revenues have been adequate. 

The results of the survey indicate 
that the problem is different in every 
community. What may be a reason- 
able regulation in one community may 
be burdensome and unnecessary in 
another. 


Reference 


1. AmMspAry, FRANK C. Jr. Promoting 
Conservation of Water by Rate Sur- 
charges. Jour. A.W.W.A., 34:1516 
(Oct. 1942). 


Elwood L. Bean 


Prin. Asst. Engr., Philadelphia Bureau of 
Water, Philadelphia. 


The extent of control necessary, or 
desirable, is an individual problem for 
each water supply, and is dependent on 
many factors. The quantitative and 
capacity aspects of the problem have 
been outlined by Frank C. Amsbury. 
(Control of the sanitary aspects is not 
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part of this discussion.) The most 
urgent topic is, of course, the matter 
of the quantity of water required and 
the capacity of the water works system 
to deliver that quantity. Statistics on 
the number of systems capable of ful- 
filling expanded demands may be de- 
rived from recently published surveys. 
It appears that 40 per cent of the 
water supplies of the larger cities 
should definitely have air-conditioning 
regulations in effect, though actually 
only about 10 per cent have any such 
rules or practice any volume control. 


Condition of Water Supplies 


In setting up any classification the 
limits must necessarily be somewhat 
arbitrary, but, taking into account the 
excesses of peak loads over the aver- 
age, the author suggests that when use 
during the six months from May 
through October averages 90 per cent 
or more of the rated capacity of the 
water works, the condition should be 
considered critical. Likewise, when 
usage on the same basis exceeds 70 
per cent, the time has arrived for a 
serious study of methods of limiting it. 

According to these criteria, a recent 
survey (1) of 56 of the larger cities 
shows that 13 of the supplies should 
be considered critical and an additional 
18 should study limitations. Only 25 
of the systems can be classed as having 
a capacity which is adequate for more 
than the next few years, and only about 
one-half of this number have sufficient 
capacities to warrant actively encour- 
aging increased water usage. 

These facts would indicate that the 
water works systems of America may 
be divided into four approximately 
equal groups: (1) those which must 
be worrying daily about the adequacy 
of their supply, (2) those which should 


F. C. AMSBARY JR. ET AL. Fone A 


be studying or working for additiona| 
capacity, (3) those now enjoying safe 
balances of supply and demand ané 
(4) those which should be encouraging 
sales to obtain increased revenue. 


Quantities Used 


In 1937 New York City calculated 
(2) a wastage for the summer season 
of 34 mgd., or 3 per cent of the total 
supply, by units which were not 
equipped with conservation devices 
The amount of conserved use was not 
determined but was in addition to the 
34-mgd. wastage. 

In 1936 Chicago estimated the use 
of water for air conditioning in the 
central business district (the Loop) at 
34 mgd. Assuming the rate of in- 
crease for this use to be the same as 
the rate for total demands in the Looy 
area, the total demand for air condi- 
tioning would have been 42 med. by 
1945. Complete conditioning of the 
Loop area with unconserved units has 
been estimated to require 295 mgd. 

Baltimore, Md., estimated that the 
use for air conditioning in the central 
city in 1947 reached 2,000,000 gph., 
which equals a rate of 48 mgd. 

In Philadelphia for 1947, assuming 
that existing regulations are strictly 
complied with and, therefore, that all 
units over 30 hp. have conservation 
while none under 30 hp. are conserved, 
the use would have been 30 mgd., or 
approximately 7 per cent of the 439- 
mgd. maximum day’s use in the system. 

For the central area of Philadelphia, 
the use was calculated as 22 mgd., or 
11 per cent of the total use in the area. 
It is the belief of the author that the 
use in Philadelphia is even greater 
than is indicated by these calculations 
(3) made for 1947. 
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Existing Regulations 

In a round table (4) involving 36 
water systems in 1945, only three noted 
any regulations, and these required 
only that all water for air conditioning 
must be metered. 

A recent survey (1) indicated that, 
of 56 systems, only New York and 
Philadelphia have any official general 
restrictions on the amount of water 
use. 

New York City’s regulations, have 
been described in a previous JOURNAL 
article (2). Briefly, metering is re- 
quired where the minimum rate for 
operation exceeds $ gpm., and econ- 
omizers where the use exceeds an 
annual average of 5 gpm. Separate 
metering may be required if the unit 
rating is over 25 tons, or the use 
exceeds 50 gpm. 

The 5-gpm. average allowed without 
conservation equals 2.6 mil.gal. per 
year. Since the total demand-hours 
use is frequently calculated at 1,000 
hours per year, then, under the New 
York City regulations, the use when 
operating may be about 6 cfm.; if the 
unit were operated only 600 hours per 
vear the demand might be near 10 cfm. 
before conservation was required. In 
an actual installation consisting of a 
40-ton and a 20-ton unit, only one of 
which was ordinarily operated at a time, 
the total use did not exceed the 5-gpm. 
annual average; no conservation was 
therefore required, yet this unit repre- 
sented a peak load exceeding a daily 
rate of 170,000 gal. Because this flow 
would be ample for conserved units 
totaling more than 2,000 tons, it is 
evident that such a regulation accom- 
plishes comparatively little, if anything, 
in the way of reducing peak loadings. 

Philadelphia requires economizers 
where the maximum use exceeds 10 
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cfm. <All new services must be me- 
tered, but separate metering of the 
water for refrigerative purposes is not 
required. This limit allows the opera- 
tion of units of about 30 tons before con- 
servation is obligatory. The amount 
of water needed for a 30-ton unit could 
serve an installation of over 750 tons, 
if properly conserved. 

Detroit, Mich., Newark, N.J., New 
Orleans, La., Pittsburgh, Pa., and the 
District of Columbia grant permission 
for an installation only where the 
main capacities are sufficient. Wich- 
ita, Kan., excludes the discharge from 
sanitary sewers if the use 
1 gpm. 

Ten other systems are known to 
have considered regulations but have 
not enacted them. For three of these 
systems the May—October average was 
over 90 per cent of the rated capacity ; 
for three others the percentage was 
68-75; one each had a percentage of 
63 and 40; and for two systems the 
percentage was unknown. Unless 
prospects for the expansion of sup- 
plies are developing, six of these sys- 
tems should adopt regulations to con- 
trol the demand. 

Edmonton, Can., on the other hand, 
with a May—October average which is 
only 48 per cent of the capacity rating, 
indicates an extreme situation, as it is 
estimated that 30 per cent of the sup- 
ply will be available for air condition- 
ing for the next ten years. 
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Metering 


No private utility would consider 
selling a product without a real meas- 
ure of the quantity delivered, nor 
should a public utility. The metering 
of water should be required for all 
installations. This raises the question 
of separate metering for air-condition- 
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ing equipment. New York City may 
require a separate meter (2) on all 
units over 25 tons or 50-gpm. use, but 
the billing of water is based on the 
total used on the premises. 

This method of billing leaves the 
customer paying for air-conditioning 
water on an increment basis. Separate 
billing would entail the minimum 
charges attached to such a service and 
would produce an added revenue. 
Would this amount be sufficient to 
cover the additional expense of meter- 
ing, billing and miscellaneous costs 
attached to each service added to the 
listing, and also provide a_ surplus 
which might be considered as a partial 
return for the stand-by nature of the 
service ? 

Solely as a method of controlling 
the quantity of water used, the instal- 
lation of a separate meter seems un- 
necessary. The horsepower or ton- 
nage of the unit can be used as the 
basis for regulations. 

Each unit manufactured is equipped 
with a thermostatic valve which limits 
the water use to that amount necessary 
to remove heat from the unit. The 
condenser temperature setting is ad- 
justable, however, and it is this setting 
which controls the amount of use. 
Neither the maximum rates of water 
use nor the amounts of water involved 
can be readily calculated for uncon- 
served units. No practical basis for 
determining unconserved use can be 
obtained except by meter readings. 

In each system, the means of billing 
to produce desired results should be 
worked out. The objectives will vary 
with the circumstances of the various 
systems. The aim may be to reduce 
water use or to derive only a rea- 
sonable profit from the service pro- 
vided. 
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Flat Rates 
Theoretical calculations from the 
water temperatures can be used to 


establish a water-use curve for opera- 
tion throughout the year. The actual 
loading of the unit can be estimated 
from existing data, and from these 
results the annual use may be caleu- 
lated. Rates can then be established, 
These must be set at very high levels, 
however, if the system is always to 
receive a reasonable return. 

The use of flat rates where avoid- 
able cannot be advised. Even on con- 
served units metering should be re- 
quired, because flat rates on units 
equipped with economizers can be the 
cause of serious loss to the water 
works. For instance, suppose a 20- 
ton installation equipped with a water 
cooling unit was billed on the basis of 
the water which should be required 
(not more than 2.0 gpm.). If the 
recirculating equipment were shut down 
and tap water run through the unit, 
its capacity might be somewhat re- 
duced from its rating. But, under flat 
rates, operators have no incentive to 
keep the adjustments set at the mini- 
mum water use consistent with satis- 
factory operation. Consequently, a 
saving would result to the customer, 
and a loss of 20,000 to 70,000 gpd. 
to the water works. 

In New York City, regulations re- 
quire metering, as previously men- 
tioned, but for unmetered use a flat 
rate of $30 per year per ton is estab- 
lished for unconserved units. For 
those conserved to below 15 per cent 
of unconserved demand, the rate is 
$4.50. 

Even a flat rate of $30 per year per 
ton may not be sufficient if the water 
is not conserved. The possibilities oi 
water waste are astonishing. 
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At Philadelphia water temperatures, 
the necessary water use, without con- 
servation devices and assuming an 
average discharged cooling water tem- 
perature of 96°F., would average about 
1.2 gpm. per ton from May to October. 
With a proper charge for water, the 
actual use would not average far above 
this. At a maximum-day supply wa- 
ter temperature of 85°F., the use would 
reach 2.7 gpm. If water is sold at a 
flat rate, the customer has no interest 
in economizing on its use, but he can 
save money on electricity. He will 
therefore set the condensing tempera- 
ture at a lower point. Suppose he 
sets it at 96°F.; the discharged water 
temperature will be, say, 86°F. The 
temperature of the water in the sup- 
ply rises to 75°, and the use will be 
about 2.7 gpm.; at 78°, the use will 
be 3.75 gpm.; at 82°, 7.5 gpm.; and 
at 85°, the required flow of water be- 
comes 30 gpm. per ton, of which about 
27 gpm., or 39,000 gpd.; is unneces- 
sarily wasted. 

It can be seen that the only limit 
on the water actually used in many 
flat-rate, tmconserved units would be 
the size of the service to the unit. 
If any flat rate is to be established 
it should probably be on the basis of 
service size. 


New Regulations 


The relationship between capacity 
and peak demands, the present high 
use for air conditioning and the prob- 
able rapid increase in refrigerative 
uses, seem to make it necessary for 
at least 40 per cent of this country’s 
water systems to adopt regulations 
which will limit the demands and maxi- 
mum usage and prevent waste. Be 
cause of the comparatively low water 
requirements of properly conserved 
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units, there are few, if any, systems 
which need to restrict the tonnage 
installed. 

Limits for the regulation of uncon- 
served use should be set up on the 
basis of the maximum actual demand 
of units, or on their tonnage rating, 
and not on the average water use. 
This was demonstrated in the previous 
discussion of the existing New York 
City regulations. 

In Philadelphia, studies have indi- 
cated that it is not usually economical 
to install units of over 10 or 15 tons 
without conservation. With increased 
water and sewer rates, the 10-ton limit 
will probably be the largest size gen- 
erally economical. In many systems 
the much higher water rates indicate 
even smaller units. The size to be 
set as the top limit for unconserved 
installations should be determined by 
water works officials and should prin- 
cipally be based on the exigency of 
reducing demand, but consideration 
should also be given to the economic 
situation of the consumer. 

Metering should be required for all 
installations but need not be separate. 

The author not believe that 
new or special schedules of rates should 
be established; existing rates should 
cover the situation for metered water. 
If additional revenue is needed, the 
entire rate schedule should receive an 
overhauling. It does not seem neces- 
sary to establish special higher rates 
for air-conditioning use than for other 
usage of like quantity. This statement 
is based on the belief that, although 
four large cities have indicated usage 
in excess of 30 mgd., this could be 
reduced to one-half by a 10-ton limit 
on unconserved units. With conser- 
vation there would probably be no 
more than a half-dozen installations in 
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a city which would use over 50 gpm. 
(equal to about 1,000 hp. in size). 
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Although most water companies have 
not yet felt any real need for special 
rates or for regulations governing air 
conditioning, consideration study 
should be given to this growing indus- 
try by water works men. One of the 
most important subjects to be discussed 
at this early stage of development is 
the question of water conservation re- 
quirements, which is always a good 
water works practice. 


Water Sources and Requirements 
The sources of cooling water in- 
clude private supplies—both surface 
and underground—and water from city 
mains. Well water, if the quality is 
satisfactory and it can be obtained in 
the necessary quantities, is almost cer- 
tain to be the best source of cooling 
water because of its constant cold 
temperature. Surface water—includ- 
ing rivers, lakes, ponds and streams— 
is the least commonly used source of 
condensing water because of the prob- 
lems of quality, the presence of foreign 
matter and the depth of the water at 
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extreme low-level conditions. The use 
of water from city mains requires the 
smallest investment for equipment and 
the least attention in operation. The 
cost of the water may be high, but, 
since less equipment is involved, ex- 
penditures for depreciation, mainte- 
nance and other fixed charges are low. 
According to air-conditioning and re. 
frigeration manufacturers and repre- 
sentatives questioned by the author, 
over 90 per cent of the water-cooled 
installations are supplied through city 
mains. 

The average cooling water require- 
ments appear to be in the range of 


TABLE 2 


Refrigeration Equipment Sales, 
5 October-December, 1947 


Units 
Equipment Sold 
Condensing units 9,805 


Compressors and compressor units 5,490 
Self-contained units 5,501 
Total 20,796 
Evaporative condensers (economizers) 1,131 
Cooling towers and ponds 1,131 
Total 2,262 


1.5-3 gpm. per ton of refrigeration. 
One manufacturer estimates that 3 
tons of refrigeration requires 4 gpm.; 
5 tons, 6 gpm.; 10 tons, 12 gpm.; and 
15 tons, 17 gpm. 

Table 2 lists the results of a US. 
Bureau of Census survey of 72 manu- 
facturers of air-conditioning and _ re- 
frigeration equipment and accessories. 
These statistics apply to equipment 
actually billed and shipped in_ the 
fourth quarter of 1947 and are there- 
fore equivalent to completed sales for 
that period. It is startling to note 
from Table 2 that over 90 per cent of 
the air-conditioning and refrigeration 
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equipment sold in the last three months 
of 1947 was without conservation. 
This same percentage holds good for 
the remainder of the year as well. 

All of the many different types of 
condensing water systems in opera- 
tion fall into two general classes: (1) 
those in which the water is passed 
through the condenser and then wasted 
to sewers or used for some other pur- 
pose; and (2) those using spray ponds 
or cooling towers, in which the water 
is recirculated, with make-up water 
added to balance evaporation losses. 


Local Regulations 


From the statistics on cooling water 
sources and economizers, it is evident 
that the conservation of water is the 
air-conditioning problem about which 
water works officials should be most 
concerned. A _ rule restricting the 
waste of water for air conditioning 
should be adopted by every water com- 
pany, borough or municipality. 

In a number of localities such re- 
strictions are now in force. Cham- 
bersburg, Pa., prohibits the installation 
of air-conditioning equipment of 5 tons 
or more unless an economizer or cool- 
ing tower is installed. New York City 
limits the wastage of an air-condition- 
ing system for a single consumer to an 
annual average of 5 gpm. Miami 
Jeach, Fla., prohibits the connection 
of water waste from air-conditioning 
systems to sanitary sewers if the units 
in question use more than 2 gpm. of 
water. In 1944 the Virginia Section, 
A.W.W.A., passed a resolution recom- 
mending that no utility should supply 
water from the public distribution sys- 


tem for any new, additional or en- 


larged refrigeration at a rate in excess 
gpm. 
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Rates for water for air-conditioning 
use should come under the water com- 
pany’s regular rate schedule, and the 
author does not believe that any pen- 
alty rate is necessary at present. 


Conclusion 


The use of air conditioning in stores, 
offices, hotels, barbershops, beauty par- 
lors and the like is rapidly increasing. 
It is being adopted by professional 
men, industries and even churches. 
Within the next five years home air 
conditioning with water-cooled equip- 
ment will become a significant factor, 
though residential installations today 
are practically all window models. 
Water works men_ should follow 
closely this growing demand on their 
systems and should be prepared with 
a policy to meet it. “a 

Lynn B. Mighell | 
Carrier Corp., Philadelphia. 

This discussion is primarily about 
the peak-load water requirements of 
summer air-conditioning installations. 
It is, therefore, concerned only with 
the cooling phase of a complete air- 
conditioning system. 

If cold enough, water may be used 
to extract heat from the air by placing 
it in actual contact with the water—as 
in a spray-type washer—or by passing 
water through coils directly in the air 
stream. Because the economical use 
of this equipment is limited to those 
few areas where there is an abundant 
supply of water at a temperature usu- 
ally not higher than 55°F. and because 
the number of installations employing 
water in this manner is small in com- 
parison with those using other means, 
this paper will confine itself to air- 
conditioning systems utilizing refrig- 
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eration equipment. Such systems con- 
sist mainly of two parts: first, the air 
treating and distribution system; and 
second, the refrigeration system. 

The most common type of refrigera- 
tion unit is the compression system 
which is made up essentially of an 
evaporator, compressor, condenser and 
receiver. In the compression system, 
the refrigerant absorbs heat from the 
air in the evaporator at a low tem- 
perature, and the compressor raises 
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usually attached to the compresso; 


motor pulley. This condenser is ng 
often employed on installations oye, 
3 tons in capacity. It is used pri. 
marily on fractional tonnage 
where water costs or temperatures are 
high, or where water supply and drain. 
age facilities are not easily accessible 

Water-cooled condensers for air. 
conditioning installations are usually oj 
the shell and tube type. Shell and coj 
type condensers and double-pipe con. 


the pressure of the refrigerant to a 
higher level, discharging it into the 
condenser where the heat picked up 
in the evaporator is finally removed. 
This heat is carried away from the 
condenser by air or water or a com- 
bination of the two. 

Condensers are classified, then, as 
air cooled, water cooled and evapora- 
tive. The air-cooled condenser con- 
sists of an extended surface coil 
through which air is blown by a fan 
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densers are rarely used on_ installa 
tions above 10 tons. 

Obviously, the simplest installation 
is one employing a water-cooled con- 
denser in which water purchased from 
a public utility passes through the 
tubes and then directly to the sewer, 
the only change in the water being 4 
rise in temperature. This type re 
quires the least floor space and is low 
est in initial cost. If this were the 
only way that the heat could be re 
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moved, there would be good reason 
for graver concern about the condens- 
ing water demand. Fortunately, great 
reductions in the water requirements 
of air-conditioning systems can be ef- 
fected by apparatus that permits the 
atmosphere to do the cooling. 


AIR-CONDITIONING WATER RATES 
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ment applied to air-conditioning in- 
stallations, when the high cost of water, 
or an inadequate supply, tended to 
restrict their use. The development 
of the cooling tower preceded air con- 
ditioning, and to make use of it no 
change was required in the design of 


Recommended Condensing Temperature* 
Ratio of Water to Power Costs 
4 Approx. 
| | — 
Temp. 10 | 20 4 | 6 | 100 
Condensing Temp.—°F. 
0 82 82 s2 | 9 | 90 98 
60 20 82 82 82 90 90 98 
40 82 82 90 90 98 98 
0 | 82 82 90 90 98 98 
65 20 82 82 90 98 98 98 
40 82 90 90 98 98 105 
0 | 82 90 90 98 98 105 
70 20 82 | 90 98 98 105 105 
40 90- | 90 98 98 105 105 
0 90 90 98 105 105 112 
75 20 90 98 98 105 105 112 
40 90 98 98 105 112 112 
0 90 98 105 105 112 112 
80 20 98 98 105 112 112 112 
40 98 98 105 112 112 112 
98 105 105 112 112 112 
85 20 98 105 112 112 112 112 
40 98 105 112 112 112 112 
0 105 105 112 112 112 112 
90 20 105 112 112 112 112 112 
40 105 112 | 112 | 112 
* Maximum temperature of water leaving condenser averages approximately 10° below condensing temperature. 


Equipment in common use includes 
natural- and mechanical-draft cooling 
towers, spray ponds and evaporative 


condensers. The cooling tower was 
the first water conservation instru- 


the refrigeration system. By cooling 
the warm water from the condenser by 
direct contact with air in the cooling 
tower, and then re-using the water by 
pumping it through the condenser, the 
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consumption is reduced to about 5 per 
cent of what it would otherwise be. 

The second step in water conserva- 
tion on air-conditioning systems was 
the development of the evaporative 
condenser, which combined the func- 
tions of the water-cooled type and the 
cooling tower. The evaporative con- 
denser utilizes the principle of evap- 
orative cooling, as does the cooling 
tower, but instead of cooling water 
that condenses the refrigerant in a 
shell and tube condenser, it condenses 
the refrigerant directly, resulting in a 
lower condensing temperature. It is 
a complete condensing unit which re- 
places the cooling tower, the water- 
cooled condenser and the water cir- 
culating system. 

The evaporative condenser is essen- 
tially an air-cooled condenser consist- 
ing of a coil in which the refrigerant 
gas is condensed by the evaporative 
cooling effect of water sprayed over 
the outside of the coil. Fans draw the 
air over the coils and through the 
sprays. Since the rate of evaporation 
is related to the wet bulb temperature 
of the air, the capacity of the con- 
denser also depends upon the wet 
bulb temperature. Compared with the 
cooling tower and the water-cooled 
condenser, the evaporative condenser 
takes up less space and is lower in 
first cost. Because there is no wind- 
age loss from the evaporative con- 
denser, the water make-up is slightly 
less than with the cooling tower. 

There are many variables that enter 
into the selection of an economical 
condensing system. These factors in- 
clude: (1) water and sewage rates, 
(2) power costs, (3) water tempera- 
ture, (4) outdoor wet bulb tempera- 
tures, (5) initial costs of the various 
types of condensing equipment and 
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(6) availability of water supply and 
pressure. 

Conditions in one locality are gen. 
erally not the same as those found 
in another, nor does a set of figures 
prepared for a restaurant operating 
24 hours a day hold for a suite of 
offices in the same building that are 
in use only eight hours a day. Asa 
result, it is usually necessary to study 
each type of installation as a separate 
problem, even where the water supply 
is adequate and restrictions are non- 
existent. 

An investigation of the conditions in 
Philadelphia was made in order to 
determine at what point it would pay 
an owner to invest in water conserva- 
tion equipment, instead of using city 
water. Figure 1 shows the results in 
the form of a graph. The bases for 
the computations were: (1) first cost 
of condensing equipment as of Decem- 
ber 1947; (2) fixed charges calculated 
from the formula : 


“7 100 y+1 
y 
in which represents the fixed 
charges, y the depreciation period 


(taken as 10 years) and 7 the annual 
interest rate (taken as 5 per cent); 
(3) operating time, 1,150 hours a 
year for power and 820 hours a year 
for water required for condensing, 
representing the equivalent full-load 
refrigeration operating hours; (4) cost 
of electricity, 1¢ per kilowatt-hour; 
(5) cost of water, 68¢ per 1,000 cu.ft. 
(including a sewage tax of 28¢ per 
1,000 cu.ft.). 

Examination of Fig. 1 indicates that 
for the specified conditions the owning 
and operating costs of systems under 
15 tons are lower for a water-cooled 
than for an evaporative condenser. 
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This balance point of 15 tons may vary 
somewhat when costs differ from the 
basic ones used. Furthermore, in- 
creasing the water rates by as much as 
50 per cent will only decrease the bal- 
ance point slightly. 

The capacity of a water-cooled con- 
denser depends on the condensing 
temperature, the temperature and quan- 
tity of the water, and the refrigerant 
suction temperature. Condensing tem- 
peratures are sometimes determined by 
the ratio between water and power 
costs (cents per 1,000 cu.ft. to cents 
per kilowatt-hour), as shown in Table 
3. This method of selection takes into 
consideration only operating costs, and 
frequently the relation between initial 
and operating costs makes it necessary 
to modify such choices. 

The accepted practice is to employ 
the formula OT = 30, in which Q is 
the quantity of water in gallons per 
minute per ton of refrigeration load 
and T is the rise in the temperature 
of the water in the condenser—for ex- 
ample, 3 gpm. per ton with a 10°F. 
rise, or 2 gpm. with a 15° rise. There 
should be a spread of 5°-10° between 
the condensing temperature and the 
temperature of the water leaving the 
condenser. These are approximate 
values and varying job conditions gov- 
ern deviations from them. 

Data used ten or fifteen years ago 
to select the most economical equip- 
ment, cannot, as a rule, be used with 
accuracy today. Power rates have 
heen gradually coming down and the 
cost of water, as well as of equipment, 
has been going up. The change in 
utility costs has resulted in a general 
tendency to operate refrigeration sys- 
tems at higher condensing tempera- 
tures. As a consequence, more elec- 
trical power and less water are required 
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per ton of refrigeration. This is a 
healthy trend but should be supple- 
mented by increased effort to encour- 
age the use of water conservation 
equipment where the water supply 
system is in danger of being overtaxed. 

The whole problem of water usage 
is, of course, affected by local condi- 
tions. Communities differ so widely 
in the number of air-conditioning in- 
stallations and in their water supply 
that few generalizations would apply 
to all. Local surveys are therefore 
the most dependable method of finding 
a solution. 


Marsden C. Smith 
Chief Engr., Dept. of Public Utilities, 
Richmond, Va. 

There can be no doubt that water 
required for air-conditioning equip- 
ment presents a serious problem if it 
is to be supplied by the public water 
systems. But there are other demands 
that create serious problems. 
Lawn sprinkling, swimming pools and 
similar seasonal uses of water are in 
exactly the same class and intensify 
the problem of hot weather peak de- 
mands just as does air conditioning. 
Therefore, in spite of the fact that the 
subject assigned to this panel is water 
use by air-conditioning equipment, it 
seems proper to extend the discussion 
to cover any use of water which creates 
an unreasonable demand. 

Before attempting to determine the 
most successful means of solving the 
problems created by unreasonable de- 
mands, it should be ascertained that 
any proposed solution is both legal and 
reasonable. This is not only common 
sense but is necessary because there 
are some water utilities which are pri- 
vately owned and others which are 
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publicly owned. For this reason, a 
solution which may be approved by a 
city council for a municipal system 
may not be at all acceptable to a state 
commerce commission. 

It should also be realized that the 
peaks due to seasonal demands do not 
cause equally serious problems through- 
out the limits of the area served by the 
A.W.W.A._ In tropical climates the 
seasonal peak is lessened, or at least 
there is a far greater gross revenue 
obtained from hot weather sales than 
in those areas which have a short but 
intense hot weather period. And it is 
well to remember that the North 
American opposes specific high rates 
or any special regulations. He de- 
mands, and usually gets, pretty much 
what he wants, unless he can be con- 
vinced that he is not being treated 
unreasonably. He will claim discrim- 
ination just as quickly against a high 
special charge for service as he will 
against a denial of, or a regulation of, 
the conditions of service. 

If, for example, the water purveyor 
attempts to limit the water used for 
air-conditioning equipment by specific 
rates, the customer may claim, with 
much justification, that lawn sprinkling 
creates an equally severe and unrea- 
sonable demand. Then, if the pur- 
veyor is to escape this charge of dis- 
crimination, he will have to accept the 
serious complications in metering, bill- 
ing and accounting that must be in- 
curred because of the special rates 
necessary for each of the seasonal peak 
demands. 

On the other hand, the customer 
will undoubtedly register an effective 
complaint if he should be denied the 
use of water for air-conditioning equip- 
iment and at the same time see his 
neighbor continue lawn sprinkling, us- 
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ing a swimming pool or some other 
equally nonessential seasonal utiliza. 
tion of water. This would most cer. 
tainly constitute flagrant discriming. 
tion. 


Compromise Solutions 


The author is therefore strongly 
opposed to any limitation on the use 
of water that can be avoided with- 
out serious consequences. 
stances may be mentioned of unrea- 
sonable demands which have been 
checked by an appeal to reason, and 
in none of these have specific rates 
been required to protect the system, 
Indeed, it is probable that had the 
effort been made to cover the higher 
expense of certain of these services by 
specific rates, the increased cost of 
the resulting complications would have 
largely cancelled the increased revenue 
obtainable. 

The first of these unreasonable de 
mands occurred when the owner of a 
large estate applied for water service 
to supply several hundred lawn sprink- 
lers. To permit all of these sprinkler 
heads to be operated simultaneously 
would have required a major enlarge- 
ment of the water distribution system, 
useful for only a few hours each year. 
The solution of this problem was to 
limit—not deny—the demand; this 
meant operating the sprinklers by sec- 
tions rather than all at the same time. 
The solution was accepted by the cus- 
tomer as a reasonable regulation. 

A different problem was created by 
the request of a railroad for a 4-in. 
connection to be used only for quickly 
filling diesel locomotive tanks. Such 
sudden variations in demand would 
have caused serious pressure fluctua 
tions and adversely affected other con- 
sumers. The total volume was much 
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too small to justify the cost of an 
enlargement of the distribution system. 
The solution adopted was to permit a 
service limited to a 90-gpm. rate to 
fll a tank erected at the customer’s 
expense on his property. The railroad 
was entirely convinced that this solu- 
tion was quite reasonable and fair. 

A very different situation involved a 
swimming pool where proper sanita- 


_ltion required the use of as much as 
. 
_}] mgd. when operating at the maxi- 


mum attendance permitted. Natu- 
rally, the full use was limited to a few 
days a year, which exactly coincided 


with the days on which all other de- 
mands were at a maximum. The 
solution here was not to order the 


service discontinued but to limit the 
quantity of water to that necessary 
for make-up. The operator at first 
refused to install a circulating puri- 
fication system but eventually gave in. 
In fact, he later actually requested a 
rebate to cover the losses he had been 
permitted to suffer before being forced 
to economize. If no special rate is 
charged for a bath at home on a hot 
day, it does not seem equitable to 
charge extra for a swim in a public tub. 

Another variant of the problem is 
that of private fire protection. This 


Vis solved in one city by an ordinance 


providing that if the requirement for 
water for private fire protection neces- 
sitates the enlargement of the public 
distribution system, which, in the opin- 
ion of the manager, gives public protec- 
tion equal to or better than the average 
for similar districts within the city, the 
entire cost of the new or enlarged 
system shall be paid by the beneficiary 
of the private fire protection. No 
charge is made for water used for fire 
protection, either from a city-owned 
ire plug or from a private system. 


AIR-CONDITIONING 
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Still another problem was solved 
without the use of special rates or 
regulations. A water department was 
severely criticized for being unwilling — 
to supply an unestablished manufac- 
turer with more water than the entire 
city of 235,000 population normally 
used. Here the solution was one that — 
had been fully established by other 
utilities. The city offered to supply 
the requirements, provided that the — 
manufacturer would deposit with the 
city an amount equal to the cost of 
the system enlargements made neces- — 
sary by his demand. ‘The deposit 
would be repaid to the manufacturer at 
a fixed per cent of the gross charge _ 
for water at standard rates. No dis- 
crimination could possibly be claimed, | 
because this is merely the same deposit. 
required of all new customers, propor- 
tional to the risk involved. 

These examples all indicate that spe- 
cific rates are rarely necessary, cer- 
tainly not when a reasonable solution 
can be obtained otherwise. They also 
show that water systems cannot escape 
the seasonal peak demands any more 
than can other utilities. But water 
works may properly use any reason- 
able means to reduce the severity of 
unusual or unreasonable demands. 


Reasonable Reductions in Demand 


To return to the subject of water 
required for air-conditioning equip- 
ment, the same principle clearly ap- 
plies here as in the problems just 
described: a reasonable reduction in| 
the intensity of the demand should be 
made, but there should be no denial 
of use nor any special rates, unless — 
absolutely necessary. 

Fortunately for everyone, water 
economizers are almost a necessity for 
large air-conditioning units, even when — 
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standard rates are charged for the 
water used. This fact tremendously 
reduces the seriousness of the problem. 

For the smaller units, not now gen- 
erally obtainable with economizers, it 
is quite probable that economizers or 
air-cooled units will be made available 
if the charges for water are sufficiently 
great to justify the added cost of such 
equipment. 

For the immediate present, however, 
and until the magnitude of the problem 
is definitely established, it seems quite 
reasonable to require economizers for, 
say, individual units larger than 5 tons. 
Economizers would also be required 
for those units of 5 tons or less placed 
in a single building containing a total 
of more than a 5-ton rated capacity. 
All water would be supplied at stand- 
welt 


- 
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After these regulations have been jy 
effect for a reasonable time, and if jp 
spite of them the demand is still foung 
to create a problem, then further action 
can be taken. From experience thys 
obtained the necessity for far more 
drastic action can be demonstrated by 
facts rather than by anticipation. As 
a result, specific high rates may they 
be charged with full justification. 
To sum up, it appears that a reason. 
able solution can be found for almog 
every problem without the complica. 
tions of special rates or discriminatory 
regulations. But when special rates 


can be shown to be definitely necessary 
for the protection of the utility, they 
must be made sufficiently high to cover 
not only the cost of water service, bu 
also the added expense of applying the 


| 


special rates. 
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tion a 4 Reservoir Lands Pay Their Way 


wr! By Wendell R. LaDue, George F. Hughes and John M. Heilman 


e A panel discussion presented on May 6, 1948, at the Annual Confer- a rsh 
2 ae ence, Atlantic City, N.J., by Wendell R. LaDue, Supt. and Pg Engr., ve! 
a Bureau of Water and Sewe rage, Akron, Ohio; George F. Hughes, a 
Exec. Secy., Denver Board of Water Commissioners, Denver, Colo.; of 


and John M. Heilman, Forester, 


ates 
sary HlE Akron, Ohio, water works em- 
they barked upon its career as an owner 


over} and developer of surplus lands in 1915, 
bu} when its new water supply was placed 
the} in operation. The impounding reser- 
voir, Lake Rockwell, with a water 
surface of 750 acres, had a protective 
surrounding excess land area of 1,750 
acres. In 1922 the purchase of an 
additional protective area of 50 acres, 
planted mostly in fruit, involved the 
city in the fruit business. Subsequent 
plantings enlarged the orchard and 
vineyard to 190 acres. As much as 
30,000 bushels have been harvested in 
one fall. At first the department oper- 
ated the fruit business in ail its details, 
but later this procedure was abandoned 
in favor of a rental contract agreement 
with a competent horticulturist. It 
was believed that the utility should 
not engage in a business so competitive 
in this area. The present plan is to 
continue leasing the land until the 
orchards prove too old for profitable 
operation. No trees are being replaced 
and vacated areas are being covered 
by grass or reforested. 

Afforestation at Lake Rockwell, 
started in 1922, has been continued 
throughout the years until there are 
now approximately 800,000 trees, both 
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Newark Div. of Water, Newfound- 


conifer and deciduous, in close planting 
on 950 acres. The practice is to pur- 
chase two-year seedlings, plant them 
in nurseries and after two or three 
years transplant them permanently. 
Spring planting, with losses under 5 
per cent, has been found more satis- 
factory than fall planting. The re- 
maining acreage is in grass and nat- 
ural woodland. 

The new forests have afforded ex- 
cellent game cover. Last year as many 
as twenty deer in one herd were ob- 
served by patrolmen. Several beaver 
houses have been built in a low spot 
bordering the impounding reservoir. 
An ample food supply of aspen is 
available. 

The closed reservoir itself affords a 
welcome stopover for ducks and geese. 
In cooperation with the Ohio Conser- 
vation Commission, each year approxi- 
mately 100,000 mature breeder fish are 
removed by seining the closed reser- 
voir. These fish are distributed by 
agreement to open lakes in Qhio, 70 
per cent going to 35 lakes in Akron’s 
home county of Summit. 

The Akron Water Bureau has worked 
very closely with the various Ohio 
state agencies interested in the con- 
servation and proper development of 
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the state’s natural The 

public relations value of this procedure 

is apparent. 

The foregoing has dealt with the 
protective land holdings about the 
Lake Rockwell domestic impounding 
reservoir, an area which is closed and 
patrolied because this reservoir is di- 
rectly connected to the treatment plant. 


resources. 


Balanced Use Program 

Early in the 1920’s it became evident 
that additional storage would be re- 
quired for the Akron water supply. 
A survey was made and a potential 
reservoir site on the same watershed 


TABLE 1 
Reservoir Land Use 

Area 
Fr, Purpose acres % 
Reservoir water surface and 

shoreline protection 1,500 19 
Maple sugar bushes 600 8 
Farm land (leased to 64 farm- 

ers) 2,600 E 


Pasture for sheep and cattle 

and farm land for feed, etc. 1,200 15 
Forests and wood lots (other 

than maple bushes), swamp 


areas 2,100 26 


Total 8,000 100 


was found approximately twenty miles 
above Lake Rockwell. Throughout 
the years about 8,000 acres has been 
acquired. In 1937 about 500 acres was 
flooded by the construction of a second 
impounding reservoir. In this 8,000- 
acre area a balanced program of farm- 
ing, cattle and sheep raising, maple 
syrup production and forestry is being 
carried out. The area is roughly di- 
vided as shown in Table 1. 

The major activities of the city in 
this area are cattle and sheep raising 
and the growing of feed. In the early 


vears of the 1930 depression about 
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Hereford breed, which is noted for its 
beef qualities, its hardiness and sturdi- 


HEILMAN Jour. AWW4 
2 

$150,000 was expended in clearing over 
2,000 acres of future reservoir bottom 
area. This supplied jobs for the needy 
of Akron. To prevent the land from 
again going wild and thereby causing 
the investment to be lost, it was de. 
cided to build up a herd of cattle, later 
supplemented by a flock of sheep. The 
cattle are the Domino strain of the 


ness. For obvious labor reasons, 
dairying was not undertaken. The 
animals are handled entirely as range 
cattle and, when winters are mild, 
forage the year round. Of course, 
existing barns are used for winter 


TABLE 2 
Average Annual Reservoir Land Income 


Income 


Maple Syrup, 285 gal. .......... $ 1,100 
400 
8,500 
Param fond rental 5,500 
Operating Expense (average) ..... $19,300 


feeding. The herd is reduced each 
fall to about 300 head by culling and 
selling the increase. 

A flock of about 800 Delaine Merino 
sheep is maintained by fali culling. 
The sale of 5,700 Ib. of wool annually 
is an important source of revenue. 

The feed grain for the cattle and 
sheep is grown on reservoir land, and 
no food is bought. In years of sur- 
plus, the excess is sold but no com- 
mercial farming is undertaken. In a 
peak year 16,000 bales of hay have 
been stored. 

Some lumbering of the wooded areas 
below the proposed flow lines of the 
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future reservoir has been done. Re- 
forestation is practiced in cut areas 
above the flow line. The lumber is 
used for the usual water department 
functions and as firewood for maple 
syrup production. No rough lumber 
has been purchased by the department 
for many years. 

The reservoir land is in the maple 
sugar district of Ohio, one of the best in 
the country. Over 300 acres of bushes 
now have a capacity of 5,000 buckets. 
At present only 3,000 buckets: are 
being operated, and a maximum of 
620 gal. of maple syrup has been pro- 
duced in one season. Potential bushes 
totalling a like capacity may be devel- 
oped if the demand warrants. The 
syrup is sold locally in 1-gal. cans and 
the demand always exceeds the supply. 


Fortunately, most of these woods are — 


above future reservoir waters. 

As previously noted, approximately 
2,600 acres of land is tenant-farmed by 
64 farmers. As part of their agree- 
ments, the farmers are prohibited from 
converting sod lands into plowed land 
and modern farming methods are re- 
quired. 

Trapping rights are leased annually 
and controlled hunting is permitted. 
A nominal fee of 50¢ per hunter-day 
is charged. The permit is good only 
for the day purchased and the hunters 
are allotted certain areas where they 
may hunt unmolested by others. An 
average of 330 permits is issued each 
season. 

A financial summary of this balanced 
use of the 8,000-acre area is presented 
in Table 2, 
annual income over the ten-year period 
from 1938 to 1947. 

It should be remembered that the 
operating surplus does not reflect the 
greater profit derived from protecting 


which gives the average 
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the $150,000 investment in the cleared 
area. 
Mogadore Reservoir Lands 
During the WPA era it was deemed 
advisable to construct, as part of the 
city’s WPA program, a reservoir to 
better the raw water supply for the 
industries of Akron and to afford ad- 
ditional recreational facilities for Akron 
and suburban citizens. Since it was a 
water project, its construction and op- 
eration was placed under the super- 
vision of the Akron Bureau of Water 
and Sewerage. Approximately 2,500 
acres was acquired by outright pur- 
chase. The present reservoir (known 


TABLE 3 


pe Fishing Preserve Operation 
Annual 


Item Average 
Days open for fishing * 


Number of fisherman-days 14,000 
Number of boat-days 4,626 
Fish caught » 73,000 
Income $3,7 
Operating expense $2,5 


* Approximately from July 1 to October 1. 
+ Estimated. 


has a 
acres 


as the Mogadore Reservoir ) 
water surface area of 1,000 
About 800 acres of the remaining land 
has been planted with 465,000 pine 
and deciduous trees. 

Secause this area has been planned 
for ultimate recreational use, drives 
and tree planting areas were laid out 
with that end in view. War and post- 
war labor conditions have retarded the 
construction of recreational features. 
but a portion of the reservoir has been 
opened for fishing under rigid depart- 
mental control in which the State Dept. 
of Conservation joins. 

The reservoir was filled in 1939 and 
stocked with bluegills, crappies, bass 
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| 
and perch from Akron’s Lake Rock- 
well by the State Conservation Com- 
mission, at the rate of about 8,000 to 
10,000 mature fish per year for four 
years. 

By 1943 fish counts by this agency 
indicated that the reservoir was ripe 
for fishing; therefore, as an aid to 
relaxation for the many war workers 
in Akron, a 350-acre portion of the 
reservoir was opened to public fishing 
under rigid wartime restrictions con- 
cerning location, to avoid the possibil- 
ity of sabotage. Sanitary conveniences, 
tested wells and boats have been pro- 
vided. Before opening the reservoir, 
the regulations were reviewed and ap- 
proved by the officers of seventeen 
sportsmen’s groups representing over 
15,000 members. This step was taken 
to further public relations. Although 
wartime restrictions are now unneces- 
sary, they have been maintained and 
the public seems satisfied. 

The average annual operation sta- 
tistics for the five-year period, 1943- 
47, are summarized in Table 3. 

The income is from the rental of 
boats only. No charge is made for 
shore fishing. Some border land is 
leased for farming but this is a very 
small item, most of the land being 
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held for park and recreational pur- 
poses. 

In the spring of 1948 a very sue. 
cessful experiment was made in open- 
ing the reservoir for crappie fishing 
only, from April 1 to April 25, incly- 
sive. The cooperation of sportsmen 
was gratifying and spontaneous, again 
through the sportsmen’s groups. 

Because the reservoir lands were not 
purchased primarily for farming or 
recreational purposes, the items of 
taxes, interest and bond retirement 
should not be debited against the in- 
come obtained from attempts to use 
the lands profitably. The projects are 
therefore considered self-supporting; 
they afford a means of maintaining the 
unused property in good condition and 
are conducive to better public rela- 
tions, not only in the immediate local- 
ity of the property but throughout the 
city and its environs. 

For those desiring it, a more detailed 
account of the Akron program can be 
found in an article by the author pub- 
lished several years ago (1). 


Reference 


1. LaDurE, Wenpett R. Problems of a 
Municipal Water Works Land Owner, 
Wtr. & Sew. Wks., 92:181, 209 (June- 
July 1945). 


Income From Water Department Property—George F. Hughes 


HE plains of Colorado lie in what 

is termed an arid belt, and conse- 
quently all the water available from 
mountain streams is in great demand 
for domestic use by the cities and 
towns of Colorado, as well as for irri- 
gating farmlands. The city of Denver, 
therefore, in addition to securing the 
direct flow of water from streams un- 
der decreed water rights, has con- 
structed large reservoirs to impound 
the flood waters that occur in moun- 


tain streams in the spring of the year. 
Denver has also been obliged to pur- 
chase farm lands in order to acquire 
additional rights attached to 
such lands. 

All decreed water rights throughout 
the state are under the jurisdiction of 
the Colorado State Engineer, whose 
office supervises the allocation of water 
the several dis- 
valuable 


water 


from the streams in 
tricts. Water rights are a 


asset and are preserved with great 
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care. An old saying in this section 
of the country 1s that you may elope 
with a man’s wife or steal his horse 
but do not use his water rights or a 
tragedy will result. There are two 
kinds of water rights—reservoir rights 
and direct stream rights—which are 
allocated to owners according to the 
date of the decree by Colorado courts. 
Both of these rights are very valuable 
if they have an early decree date. 

With this background, it is readily 
understandable why Denver has’ pur- 
chased farm lands having valuable 
water rights attached to them. For 
example, in 1931 the Denver Water 
Dept. purchased a ranch of 1,100 acres 
for $100,000, which included water 
rights valued at $55,000, so that the 
department could have use of the 
water and also ‘control the operation 
of the ditch company. 

To secure property for the location 
of a reservoir, the Water Dept. pur- 
chased another 500 acres with certain 
water rights attached, for $40,000; a 
provision in the contract stating that 
the former owners would have per- 
petual use of the surface land was, of 
course, a factor in determining the 
purchase price. 

Another piece of property, purchased 
hecause a portion of it was required 
site, was a summer 
resort on which fourteen cabins and a 
store building were located. This re- 
sort is being rented to a caretaker for 
$300 a year, with the provision that 
he pay all the operating expenses and 
keep the buildings in repair. The de- 
partment wants to retain these cabins. 
as housing will be necessary for em- 
plovees who will work on the large 
dam to be constructed in the vicinity 
sometime in the future. 

From a 20-acre tract of land, for- 


for a. reservoir 


merly used for a conduit right-of-way 
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and now abandoned, the Water Dept. 
receives 10¢ per yard royalty for sand 
and gravel, with a minimum annual 
payment of $4,000. This property is 
within the city limits, and it is esti- 
mated that a total revenue of approxi- 
mately $90,000 will be received over 
a period of twenty years. After the 
sand and gravel are removed the Park 
Dept. of Denver desires to use the 
property for park purposes, as seepage 
will fill the excavation with fresh 
water, creating a lake. 

Another unusual use of Water Dept. 
land is the operation of a flour and 
feed mill, which is leased for $900 a 
year. The mill was acquired at the 
time the city took over the water plant 
from a private corporation in 1918, 
and it is necessary to continue the 
operation of the mill with water power 
to protect valuable water rights. 

Other land owned by the depart- 
ment is occupied by a filling station, 
the lessee being required to keep up 
the improvements on the property and 
pay the department $600 annually. 

Farm lands acquired by the Water 
Dept. having valuable water rights are 
retained and leased to tenants on a 
sharecropping basis and a rental is 
stipulated for any grazing land. Own- 
ership of farm land so acquired is re- 
tained by the department, as it has 
been found from experience that if the 
land is sold the new owners are gen- 
erally able to obtain water by purchas- 
ing it from some other user who has 
more than is needed for his own prop- 
erty. This results in a larger demand 
for water; otherwise, when users have 
a surplus amount of water it remains 
in the streams as an additional supply 
for the regular users. 

It is not the purpose of the Water 
Dept. to retain property that is unnec- 
essary for the operation of the plant; 
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consequently, all such property is ad- 
vertised and sold to the highest bidder, 
putting it back on the tax rolls. 

All land surrounding 
leased for the grazing of stock or for 
the raising of crops. The large reser- 


reservoirs 1s 


voirs are located at high elevations 
where the growing season is_ short, 
and the excess lands surrounding 


these reservoirs are therefore available 
only for grazing purposes. 
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Records of revenue from leases of 
Water Dept. farms and excess lands 
surrounding reservoirs show a fair re- 
turn on the principal invested. For 
example, the income received from 
crops and grazing rental on the 1,100- 
acre ranch for 1947 was $9,960.95, 
while from all lands owned by the 
department the amount of $19,319.24 
was received, in addition to revenue 
from the gravel pit. 


4 
i Forestry on Reservoir Lands—John M. Heilman 
HE author is forester on the New- each watershed and is dependent on a 
ark, N.J., watershed of 41,000 number of factors, such as proximity 
acres, of which approximately 35,000 to markets, the type of product in de- 


are municipally owned. It is his con- 
viction that watershed forestry can be 
made profitable. In fact, it has paid 
its way on the Newark watershed for 
the past several years. 

The two statements made above are 
based upon the premise that the land 
is purchased for watershed protection 
with forestry as an incidental use. 
Before buying the land, any private or 
municipal water company will, of 
course, explore the various sources of 
water supply—spring or well water, 
filtered or unfiltered surface water— 
and will also make a study of con- 
sumption needs, production costs and 
the like. It is assumed that these 
studies have led to a decision that the 
best results can be obtained by pur- 
chasing the watershed land and de- 
livering unfiltered water to the con- 
sumer. The management, therefore, 
has in its possession land bought for 
purposes of water supply, and obviously 
the taxes on this land will be charged 
against the water and not against the 
forest growth. 

The incidental income which may he 
obtained without impairment of the 
water supply will naturally vary with 


mand, the type of vegetative cover and 
the growth rate. 


Newark’s watershed has two out- 
standing general characteristics—the 


first a liability, the second an asset. 
The unfavorable characteristic is a 
thin soil natural to the New Jersey 
highlands. The valley lands are either 
in man-made reservoirs or consist of 
abandoned farms or grazing lands 
which are slowly reverting to forest. 
It will be many years before the better 
valley soils produce a major income. 

The favorable characteristic is prox- 
imity to markets. The drainage area 
lies within 50 miles of a population of 
perhaps 10,000,000 people: the resi- 
dents of New York, Newark, Jersey 
City and many smaller cities and 
chiefly to the east and south- 


Newark’s Disadvantages 


towns, 
east. 


In attempting to profit from its 
watershed forest area, Newark suffers 
from four disadvantages : 

The infertile condition of the soil 
results in a slower rate of growth than 
in more favorably situated areas to the 
south. As a result, large timber op- 
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erators are generally more interested 
in the higher-quality stumpage ob- 
tained in other parts of the state where 
the absence of rocky topography makes 
logging cheaper. Water Dept. timber 
sales, therefore, return a comparatively 
low price per 1,000 fhm. of stumpage 
and usually only the smaller operators 
are interested. 

2. Approximately 22 per cent of 
the land is in ridge-type chestnut oak, 
the growth of which stagnates at about 
40 years of age. Its size is too, small 
for any current use except as cord- 
wood or a similar product. Some of 
this type grows on steep slopes that 
will be retained as protection areas 
and the trees will never be cut down. 

3. A municipality works under dif- 
ferent labor conditions from a private 
corporation, a fact which tends to 
increase the costs of production. New- 
ark labor is under Civil Service regula- 
tions, and, though the rates of pay per 
hour are lower than those of private 
corporations, there are more paid holi- 
days and the men are employed all 
year round, whereas a private corpora- 
tion would use only a few key men 
during “off” seasons and hire seasonal 
employees during the high-production 
months. Private concerns generally 
release an over-age man or put him in 
a lower pay bracket, which is not done 
in municipal employment. 

4. A municipality works under very 
strict sales regulations. Forest areas 
of low sale value attract only the small 
operator, but the complicated proce- 
dures the purchaser must go through 
and the long wait for the sale to be 
approved generally frighten the small 
operator, so that he either bids low or 
not at all. Then, too, the technique 
of mapping and cruising and the neces- 
sity for public advertising often cost 
the city more than the returns of the 
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sale will justify and no sale is made. 
These conditions are common to prac- 
tically all cities. 


Newark’s Advantages = 


Proximity to markets permits the 


sale of certain products that could not 
be marketed elsewhere. A few such 
items may be listed: 

Christmas trees. Despite the fact 
that the balsam fir, which is out of 
Newark’s natural range, is a general 
favorite in the section, the Norway 
spruce and red pine of the depart- 
ment’s plantations are becoming in- 
creasingly popular as Christmas trees. 
Many people like the greater quantity 
oi green branches on the spruce as 
compared to the fir, and in the imme- 
diate vicinity of the watershed the 
red pine is preferred because it re- 
tains its needles longer. Close to 
$10,000 worth of spruce was sold in a 
few weeks prior to Christmas in 1943, 
which indicates that an annual market 
could be developed, though of some- 
what smaller proportions. In making 
the spruce sales the only costs to the 
department were for providing a man 
to point out which trees could be cut 
in thinning operations and for cruising 
and mapping for advertising purposes 
the areas which were clear-cut and 
replanted the following year. The 
average price for such trees has been 
about 40¢ each on the stump. Larger 
trees have been sold at $1.00 per linear 
foot on the stump. 

Boughs. Red pine, white pine and 
Norway spruce boughs have been sold 
for Christmas door and funeral 
wreaths, generally at $10.00 per ton 
on the tree. The method used has 
heen to allot each purchaser a planted 
field and require him to use pruning 
shears or saw and cut flush with the 
main stem, 
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Products for mines. To the imme- 
diate north, south and west of Newark 
there are iron and zinc mines. The 
New Jersey Zinc Co. owns land ad- 
jacent to the watershed which was 
bought primarily for mine timber pro- 
duction. Some of the products that 
have been made from watershed timber 
are posts, props, lagging, railroad ties 
and even blasting poles. A _ blasting 
pole is about 10 ft. long and 2 in. in 
diameter at the small end, and has 
sold for 5¢ each on the stump. This 
sort of material is generally left as 
unusable brush in a logging operation. 


Larger timber. Larger timber 
has gone into general construction. 


Squared timbers, up to 12 * 12 x 30 

TABLE 4 

Topography of Newark Watershed 


Physical Area * 


Water surface Ber, .! 5 
Swamp land 3 
Old fields 30 
Planted fields 2 7 
Ridge forest 22 
Slope forest 25 


Cove forest 


x 


* Total area 64 square miles; 


ft., and piling have come from the bulk 
of the largest and straightest trees, but 
rough lumber for general construction 
purposes constitutes the greatest vol- 
ume produced. There is no real prob- 
lem in marketing the better timber. 
Income From Forests 

Newark’s policy on watershed for- 
ests was outlined at a meeting of the 
New Jersey Section, A.W.W.A., two 
years ago, when it was stated: 

The forest policy on the watershed 
begins with the simple principle that the 
land is being held for water supply needs, 
not forestry practice. Forest expendi- 
tures, like all watershed costs of whatever 


HUGHES, 


HEILMAN 


Jour. AWWA 


description, are chargeable to obtain- 
ing a potable water supply. It fol. 
lows, therefore, that no forest work may 
be done that will be detrimental to the 
water supply and that net forest income 
is purely secondary to the primary object 
of water production. On the other hand. 
it is recognized that a forest in its nat- 
ural state may often furnish the same 
ideal conditions for water purification as 
a well-managed stand, so that no money 
is expended for forest practice unless it 
is established that such practice will pay 
for itself. 


This policy has kept forest expendi- 
tures at a minimum and forest income 
at a point that does little more than 
pay the expense of administration. 
Only dead, burned, diseased and over- 
mature timber has been sold to date, 


except for spruce trees and the like, 


as previously outlined. 

Newark’s 64 square miles of water- 
shed can be classified as shown in 
Table 4+. The slope and cove forests 
will be the first sources of major in- 
come and will begin to show a marked 
increase in about twenty vears. 
present watershed inventory is approx- 
imately 235,000 cords of wood and 
12,000,000 fbm. of timber. Almost half 
of the cordwood is in young stands of 
future saw timber and most of the 
present saw timber is at the stage of 
rapid volume production, so that it 
would be decidedly unwise to cut it at 
present. The forest must be considered 
as a long-term crop. The farmer could 
sell his hay when it was half grown, 
but he would realize only half the 
money he obtains by waiting for full 
growth a few weeks later. Similarly, 
once full growth is attained the hay 
must be cut or 
So it is with timber. 
is in great part immature. 
purchase by the city, most of the forest 


it becomes worthless. 
Newark’s timber 
Prior to 
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land was cut over. New stands have 
become established, however, and these 
are now producing at a fairly rapid 
rate. As they mature they will be 
harvested in accordance with sound 
forestry practice, which will increase 
the rate of growth on the residual trees 
and shorten the intervals between suc- 
cessive cuts. It is estimated that in 
twenty years a sustained vield of about 
1,500,000 fbm. can be cut annually. 
Under good forest management this 
vield can be materially increased in 50 
vears. with from 3,000 to 5,000 cords 
of wood available annually from the 
tops and poorer areas. 

The expenses of forestry work today, 
including the forester’s salary, are ap- 
proximately $6,000 yearly—actually 
considerably less since much of the for- 
ester’s time is devoted to other work. 
The average income over the past few 
years just about balances this figure. 
It is estimated that the income in 
twenty vears will have increased six- 
fold or to about $35,000, while the 
costs of operation, marking, super- 
vision and so forth will not exceed 
$18,000, giving the city a net income of 
approximately $17,000 per year. This 
will be a very significant contribution 
to the tax load on the watershed land, 
from a source of “secondary consid- 
eration.” Moreover, because of the 
methods of harvesting this ‘‘second- 
ary’ source, there can be no unfavor- 
able effect on the water-holding capac- 
ity of the watershed. 

When it is considered that the sale 
of Newark’s water returns about $3,- 
000,000 a year, it may not seem worth 
while to bother with an insignificant 
$17,000 net income which will not be 
reached until twenty years hence. But 
the forest practice is maintaining and 
improving the water supply and it 
will be returning a very sizable per- 
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centage of income over and above the 
costs of operation. Furthermore, the 
knowledge that the cutting is being 
done properly—with the growth and 
inventory in an area known before 
and after cutting and only one-eighth 
to one-third of a stand being removed 
in a single operation—will give the 
public a feeling of confidence in the 
management. 

Business today does not generally 
expect a yearly return of 10 per cent 
over a long period of operation, nor 
does it expect every branch of its op- 
erations to produce a large return. It 
does recognize that it may pay to have 
a small return or even suffer a loss 
from some operations to perpetuate a 
larger return from the main one. In 
the lumber industry, for example, the 
practice thirty years ago was to “cut 
out and get out,” salvaging what was 
possible from the mill and letting the 
land revert to the county for taxes. 
There were few foresters employed 
and these were generally used for sur- 
veying, timber estimating and the like, 
with no attention being paid to per- 
petuating the forest. Today some of 
the large companies have a hundred 
foresters on the payroll and many are 
cutting on sustained yield. It is now 
known to be better to practice one of 
the systems of partial cutting and ob- 
tain good natural regeneration, for by 
obtaining a 1-3 per cent growth in the 
forest inventory a 6 per cent or greater 
profit can be maintained in the milling 
operations. 

It is the sincere belief of the author 
that many water companies owning 
forest land might find it profitable to 
employ a trained forester. There have 
been numerous instances in the past of 
timber sales improperly made or labor 


time ill spent because of a lack of 
certain fundamental knowledge. A 


335 
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few examples will suffice to illustrate 
the point: 

In New Jersey fallen timber is gen- 
erally scaled by the Doyle rule, which 
is meant to apply at the small end of 
a short log. The overrun is tremen- 
dous on a long log of small diameter, 
and the logger, knowing this, generally 
removes the full length of the tree as 


one log. <A 40-ft. log 8 in. diam- 
eter at the top scales 40 fbm. Newark 


once sold logs on this basis, which was, 
of course, standard practice. Today 
the buyer is required to pay the scale 
with the diameter taken at mid-length, 
which gives a scale of about 150 fbm. 


for the same tree. 

The author has seen surveyors stake 
out fields at 6-ft. intervals so that 
planted trees would set in_ straight 
rows. By this practice the cost of 


planting is magnified about tenfold, 
and after a few years the tree crowns 
close and no one can tell the difference. 

It was once strongly recommended 
by a non-forester that all the apple and 
cherry trees over the entire watershed 
area of 64 square miles be cut down to 
eliminate the tent caterpillar. This 
would have been almost as costly as 
hard-surfacing all the dirt roads and 
less practical. Within two years na- 
ture’s cycle had brought the caterpillar 
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under control, and though the inseet 
was unsightly when present it did no 


The primary object of Newark’s 
management is to retain and 
improve the quality and quantity of 
the water 


Summary 


forest 


Income is 


supply. very 
much a secondary objective. The vol- 
ume of salable timber today is low 


because of the condition of the land at 
the time of purchase. In twenty years 
the oldest of the present young stands 
will reach marketable saw-timber size, 
and forestry from then on will pay 
handsome profits over the costs of ad- 
ministration, provided that good cut- 
ting practices are followed. Because 
Newark is operating under municipal 
labor and regulations, the city 
will probably not obtain as much net 
income as a private corporation doing 
its own logging and milling. It is 
possible, however, with a minimum of 
overhead, to sell on the stump and 
realize a good return, building up the 
rate of growth with each cutting until 
the maximum is reached, and avoiding, 
by proper management and _restric- 
tions, erosion and other conditions that 


sales 


might adversely affect the water 
supply. 
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Chlorine Supply and Demand 
wir 
By J. O. Logan 
a A paper presented on Nov. 21, 1947, at the Four States Section 
a Meeting, Washington, D.C., by J. O. Logan, Asst. Gen. Mgr. of Sales, 
tse Mathieson Chemical Corp., New York. 
THOUGH chlorine was discov- utilized. This condition resulted in a 


L 

A ered in 1774, it was not produced 
in the United States until about 1895. 
The compressed and liquefied chlo- 
rine familiar to all was not manufac- 
tured in this country until 1909. Con- 
sequently, the chlorine industry is 
comparatively an infant in years if not 
in size. Its growth parallels closely 
that of the automobile industry, and it 
is not boastful to say that chlorine is 
fully as vital to modern civilization as 
is the motor car. Chlorine is certainly 
the most important tool of the sanita- 
tion expert. 


Growth of Chlorine Industry 


In 1909, when liquid chlorine was 
first produced in this country, the pro- 
duction, as gas and liquid, totaled 25,- 
000 (Table 1). Production 
climbed steadily, but not spectacularly, 
until the period immediately following 
World War I, during which the entire 
American chemical industry expanded 
significantly. The decade 1920-30 saw 
a 68 per cent increase in chlorine pro- 
ductive capacity, and there was an 
additional 75 per cent rise in the decade 
1930-1940. Since 1940, under the im- 
petus of impending and actual war con- 
ditions, the productive capacity has 
increased approximately 135 per cent. 

At many times prior to 1940 the 
installed capacity was not completely 


tons 


decline in the price of chlorine, as 
shown in Table 2, and the competitive 
conditions stimulated much expensive 
research to find markets for the chemi- 


cal. 
Chlorine Products 


The fact that chlorine is cheap and 
reactive has resulted in its use for the 
manufacture of many other chemicals. 
It facilitates the synthesis of many or- 
ganic chemicals and today appears in 
the form of a multitude of chlorinated 
products, such as carbon tetrachloride, 
DDT insecticide, 2,4-D weed killer, 
freon and methyl chloride refrigerants, 


sodium hypochlorite household and 
laundry bleach solutions, vinyl chio- 
ride, polydichlorostyrene other 
plastics, HTH, other sterilizing agents. 
and the specialized oxidizing and 
bleaching agent, sodium chlorite. In 
addition, chlorine is utilized in large 


quantities for the production of bro- 
mine, ethylene glycol antifreeze and 
synthetic glycerine. Many qualified 
persons believe that the growth of 
chlorine consumption in chemical man- 
ufacturing is likely to continue un- 
abated. 

Since the producers of chlorine man- 
ufacture many of the new products or 
operate the processes consuming chlo- 
rine, the tremendous increase in chlo- 
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rine production has not resulted in a 
proportionate increase in salable (mer- 
chant) chlorine. This is obvious from 
a study of Table 1. Between 1914 
and 1947 the production increased 23 
times. In the same period the amount 
for sale increased 15 times and the 
amount used in manufacturing in- 
creased 46 times. To cite an example 
of the growth of chlorine consumption 
by the manufacturer, one chemical com- 
pany produces and uses in its own 
plants approximately 1,000 tons of 
chlorine per day. This quantity is 


* Estimated. 


; a tT Less than 35 per cent of total production is actually shipped from point of manufacture. 


over seven times the total used for 
water and sewage treatment. 

At present all chlorine productive 
capacity is being used to the maxi- 
mum, including the four government 
arsenal plants, which produce a com- 
bined total of about 300 tons per day. 
Additional capacity is being built, so 
that the end of 1948 will find the cur- 
rent productive capacity increased by 
approximately 900 tons. 

Practically all new chlorine produc- 
tion is committed before operations 
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commence. It now costs $75,000 to 
$80,000 to install a chlorine capacity of 
one ton per day, and expenditures of 
this magnitude are seldom made unless 
the consumption of the product is as- 
sured before the construction of the 


plant begins 

Position of Sanitation Users 5 
Some pertinent statistics will show 

where the user of chlorine for sanitary 

purposes fits into this picture. As of 

1929 the water and sewage trades con- 

sumed 31,000 tons of chlorine, or 11.4 


TABLE 1 
Estimated U.S. Production of Chlorine 
Daily Productive Annual Approximate Estimated Quantity 
Year Capacity Production Production for Sale for Sale 
tons tons per cent & fons 

1909 175 24,754 

1914 400 60,424 75 1 45,400 
1923 700 153,300 v2 110,000 
1927 202,700 

1930 1,050 241,800 70 169,000 
1935 1,500 363,200 65 235,000 
1937 506,900 65 329,000 
1939 1,700 579,800 65 376,000 
1941 1,900 696,472 50 348,000 
1943 1,266,261 43 547,000 
1945 3,250 1,192,081 

1947 4,300 1,400,000* 50t 700,000 


per cent of the total production. In 
1935 the quantity was 35,000 tons, or 
9.75 per cent of the total. One of the 
last WPB allocation lists, covering 
1944-45, indicated that the sanitary 
trades were consuming approximately 
42,000 tons per year, which was only 
3 per cent of the nonmilitary uses. 
At present probably about 50,000 tons 
is used for water and sewage treat- 
This represents roughly 35 per 
cent of the current total production, 
or 10 per cent of the chlorine shipped 


ment. 
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for sale. It is very evident that the 
water and sewage treatment demand 
for chlorine is not sufficient to influ- 
ence materially the decisions regarding 
the quantity and location of additional 
chlorine capacity. 


Competition for Chlorine Supply 


Under present conditions there is 
much competition between consumers 
for the available chlorine. Many cur- 
rent demands are unsatisfied, a condi- 
tion which seems likely to continue for 
some time. The chlorine producers 
and the users of chlorine for sanitation 


Price per 100 Ib. 


TABLE 2 


Price of Chlorine 


Year Single-Unit Cars* Cylinderst 
1921 $6.00 $12.00* 
1925 > 4.00 -$7.00— 8.25* 
19290, 2.75 8.50* 
1932, 1.65 6.00* 
1935 2.00 7.50-13.00t 
1937 215 7.00-13.00t 
1939 1.75 7.50-13.00t 
1.75 7.00-13.00t 
1943 0 1.75 
194500 1.75 
1947 2.00-2.25 8.75-15.00t 


* Price at works. 


+ Less than carload lot. 
t Price fo.b. destination, 


purposes must therefore recognize “the 
problems associated with their relation- 
ship to each other. If an earnest at- 
tempt is made to eliminate these prob- 
lems, the future demands for chlorine 
by sanitation users are more likely to 
be met. 

$y nature, sanitation demands are 
seasonal. Table 3 shows the month- 
by-month chlorine shipments to a group 
of sanitation users as a percentage of 
their total 1946 shipments. 
ter and sewage treatment 
included in the data. The 


wa- 
users are 


seasonal 
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distribution of cylinder demand is simi- 
lar. Since chiorine plants operate on 
a uniform rate of production 365 days 
of the year, the seasonal variation in 
chlorine demand by sanitation 
presents a real problem to the 
ducer. It sometimes causes hardships 
for industrial users who cannot get 
their chlorine as needed because of the 
preferential treatment accorded the 
sanitation users. By comparison, few 
chemical or industrial 
rine are subject to significant seasonal 


variations. 
TABLES 


Monthly Chlorine Demand for Sanitation Use* 


users 
pro- 


users of chlo- 


Proportion of 
Total Yearly 
Shipments 


ot Month 
Peet 


per cent 
January i 4.75 
February a 4.75 
March 4.75 
April 7.95 
May 6.35 
June 11.10 
July 15.90 
August 12.70 
September 9.55 
October 11.10 
November 
December 
Total 100.06 


* For group of users taking at least four tank carloads 
annually. 


The chlorine demand for sanitation 
purposes is stable in the sense that the 
total usage remains steady year after 
year. The relation between the sup- 
plier and individual consumers, how- 
ever, is frequently unstable. Changes 
of municipal administrations and their 
political implications often mean that 
the chlorine supplier is uncertain of 
the dependability of the customer. In 
several states, legislation authorizes 
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municipal officials to award supply con- 
tracts to agents in the community or 
within the state at a cost higher than 
that quoted by an out-of-town or out- 
of-state producer or agent. Only rarely 
does the local agent contribute to a 
sound business relationship. Many 
local and state regulations governing 
bids on chemicals are more appro- 
priate for equipment or construction 
than they are for the purchase of mate- 
rial vital to the welfare of every person 
in the community. 

Many sanitation users of chlorine 
are small. This means that the paper 
work and personal attention required 
is greater and more expensive per unit 
of chlorine than it is for larger con- 
sumers. Cylinder equipment is used 
less effectively when shipped to the 
small consumer. To date there has 
been no adequate formula developed to 
provide revenue to the chlorine pro- 
ducer commensurate with the expense 
involved in handling the 
small consumers. 

Equipment, whether cylinders, ton 
containers, or multi- or single-unit tank 
cars, plays an important part in the 
distribution of chlorine. Until re- 
cently new equipment was not obtain- 
able, and though it is becoming avail- 
able, prices are high. Because a cvyl- 
inder is worth at least twice the value 
of its contents, it is imperative that 
the equipment be used under condi- 
tions which give the maximum number 
Users who order in 


orders. of 


of trips per year. 
excess of their needs or who retain 
equipment for long periods of time are 
their future supply of 
smaller must, 


jeovardizing 
chlorine. The 
therefore, make a great effort to keep 


user 


the equipment moving effectively. 
Chlorine in cylinders is now sold on 
a delivered-price basis, and in tank 


LOGAN Jour. AWWA 
cars chlorine is priced at the works 
with freight equalized. The constantly 
rising freight rates, warehousing and 
handling costs make it economically 
unsound to ship to certain destinations 
from certain producing points. Tp 
produce a ton of chlorine electrolyti- 
cally requires 1.7 tons of salt and about 
3,500 kwhr. of electric power. Cheap 
salt and power determine the location 
of chlorine plants, whereas population 
density is an important factor in the 
geographical distribution of chlorine 
demand. Merchant chlorine produc- 
tion is now centered in four areas: 
Niagara Falls, Detroit, eastern Ohio- 
West Virginia and the southwestern 
Gulf Coast. Most of the industrial 
consumption of chlorine is within or 
adjacent to these areas of production. 
$y contrast, large sanitation markets 
for chlorine lie outside the regions 
specified. The manner in which such 
consumers can be served is  increas- 
ingly a problem. 


No paper on chlorine would be com- 
plete without mentioning the safe han- 
dling of this chemical. The chlorine 
producer and the consumer have a joint 
responsibility to see that human lives 
are not endangered by unsafe prac- 
tices. Every user should make certain 
that chlorine is supplied to him in 
equipment properly prepared by a pro- 
ducer of integrity and financial respon- 
sibility. It must be certain that the 
operators and supervisors understand 
the nature of chlorine and the way to 
control potentially hazardous condi- 
tions which might develop accidentally 
If the consumer has anv questions 
regarding safety practices, his supplier 
should be requested to provide the 
desired information. 
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Summary 
The 


chlorine industry has grown 


tremendously. The sanitation uses of 
chlorine, though increasing in_ total 
volume, have declined in relation to 


other markets. Most of the new chlo- 
rine production is being installed to 
meet the specific requirements of in- 
dustries favorably located with respect 
to the producing point. There is not 


likely to be any surplus of chlorine in 
the 


near future. Sanitation users of 
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chlorine anticipating a greater need for 
the chemical to be used for free resid- 
ual chlorination, waste disposal treat- 
ment pumpage should 
thoroughly investigate the availability 
of additional their 
All users of chlorine for sanitary pur- 
should examine their 
procurement procedures and eliminate 


or increased 


chlorine in areas. 


poses chlorine 
those practices which may be trouble- 
some to satisfactory supplier-consumer 
relations. 
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- Dealing With the Public in Obtaining Rate 
| Increases 


By Leonard N. Thompson, Rennie I. Dodd and William R. Wise 


ence, Atlantic City, N.J. 


Leonard N. Thompson 
Gen. Mgr., Water Dept., St. Paul, Minn. 


T has been said that St. Paul, Minn., 
was one of the first cities to raise 
water rates in an attempt to keep 
somewhat in step with the spiraling 
costs experienced in the past several 
years. Whether this statement is cor- 
rect or not, one increase was made in 
1942, and a second went into effect on 
February 1, 1947, designed to provide 
about $208,000 more in operating 
revenues annually. The revised rate 
represented an increase of 10 per cent 
for the average customer and approxi- 
mately 45 per cent for the largest 
water users. No bond issues of the 
department have ever been voted down 
by the citizens and the present rate 
increase as well as all previous ones 
has aroused little, if any, adverse pub- 
lic comment. 

Water rates in St. Paul are set by 
the Water Board and approved in the 
form of an ordinance by the City Coun- 
cil. A very wise charter provision 
states: “Water rates shall be adequate 
for the maintenance of the Department, 
the payment of all interest and repair 
charges and the amortization of all 
indebtedness when due, and any officer 
violating this provision shall be guilty 
of a misdemeanor.” But rate increases 
have met with general approval for 
other reasons as well, which will be 


A panel discussion presented on May 5, 1948, at the Annual Confer- 


discussed in this paper. Much of the 
department’s success can be credited to 
a sympathetic press, an understanding 
and confident public and competent 
water boards. 

The methods used in St. Paul have 
been so simple in technique, however, 
that it is possible to express only in 
general terms the few basic rules to 
be followed in seeking public support. 
Perhaps it is the very simplicity of 
these rules which has sometimes caused 
them to be overlooked. 


Appraisal of Rates 


This panel is not intended to discuss 
rates as such, but rather the means of 
obtaining public acceptance with a 
minimum of adverse reaction. Never- 
theless, a few introductory words on 
the subject of rates appear to be in 
order. Current price levels make it 
the duty of every manager to study 
and consider carefully the adequacy of 
his present rates. Never before has 
the water superintendent been more 
justified in making a careful analysis 
of his rate of return in comparison 
with the increased costs of maintenance 
and operation. Without crying wolf, 
the author wishes to suggest the pos- 
sibility that those who have been coast- 
ing year after year on the same rates 
have either enjoyed rates which were 
too high (based on prewar price levels) 
and are now living off accumulated 
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cash surpluses, or else are permitting 
their plants to slip backward and will 
most certainly, sooner or later, be 
faced with the problem of raising 
rates. If this becomes necessary when 
other costs are at a low ebb or at least 
on the decline, the resultant public 
reaction will, of course, be unsatisfac- 
tory. Although high prices have indi- 
cated the need for rate increases, other 
factors in the past few years have had 
a tendency to dull the perception of 
water works officials and have ‘lulled 
them into a false sense of security. 
One such cause has been the enforced 
delay of much needed maintenance. 

If water rates need revising, now 
is the time to do it. There have been 
a number of excellent papers published 
in the JoURNAL on the establishment 
of proper and equitable rate structures. 
The recent articles by Louis R. How- 
son (1, 2) should be carefully studied 
by all superintendents. His reference 
to the fact that the capital investment 
of 100 works studied had increased 67 
per cent from 1925 to 1945 while the 
number of consumers increased only 
27 per cent clearly indicates that in- 
vestment costs have far exceeded rev- 
enue. 


Promotion of Rate Increase 


A successful rate campaign must 
consist of two very essential elements : 
first, a justifiable rate structure; and 
second, an effective and positive pro- 
motional background—that is, a con- 
tinuous policy of maintaining good 
public relations. 

The first step—and a very important 
one—in proposing a rate change is the 
proper presentation of facts to the 


proper people : gaining the interest and 
support of the chamber of commerce, 
the service clubs and any other organi- 
zations 


which 


RATE 


claim an interest in 


INCREASES 


good government. This, of course, 
includes the newspapers—specifically, 
those members of the press who deter- 
mine its public policy. The sympathy, 
interest and cooperation of the news 
reporter is most desirable and essen- 
tial and should indeed be cultivated, 
but the nature of any news items writ- 
ten by the staff reporters will not for 
long be at variance with the editorial 
policy of the paper. Editorial policy 
does not always mold public opinion, 
but a public at first not actually op- 
posed to a rate change most probably 
will easily and quickly follow the lead 
of a local paper conducting a negative 
campaign. An editorial opinion once 
formed and publicly expressed is sel- 
dom reversed, so it is important that 
facts—and correct facts—be presented 
logically and made available at the 
right time—certainly before the utility 
finds itself on the defensive. It is 
therefore necessary to keep proper sta- 
tistical records over the years. 
include, for example, records of all 
the costs of production and operation, 
fixed charges, labor costs per million 
gallons, and average rates of return 
per million gallons at each step. Such 
data are vitally necessary in any argu- 
ment for a rate increase. 

In dealing with the public it is al- 
ways essential to keep in mind that a 
water business is a big business and 
an important business, but, at the same 
time, there should be no attempt to 
make it a mysterious business. In- 
forming the public is the first step in 
gaining its interest. People cannot 
appreciate what they do not under- 
stand. Logically, therefore, on the 
day a new rate takes effect the man- 
agement should begin to prepare the 
way for a future schedule or additional 
improvements whenever they may be 
needed. Success with the public de- 
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pends entirely upon the background 
built up over the years. Of course, 
it is not meant to imply that rate 
changes should follow each other in 
close sequence or without proper justi- 
fication. The rate should rather be 
one which can be stabilized over as 
long a period as possible, since too 
much tampering will destroy public 
confidence. 

Although water utilities are continu- 
ally raising the standards of water 
quality and educating the consumer to 
them, the utilities fail to carry on any 
educational or promotional campaign to 
demonstrate that increased costs must 
generally accompany better quality. 

The author is a firm believer in the 
theory that enough advertising will sell 
anything. However, most water 
utilities have what amounts to a mo- 
nopoly in their community, they do 
not require a competitive sales cam- 
paign, but one to make the people ap- 
preciate their product. It is of primary 
importance to convince the public that 
water is not only valuable but also 
hard to get and difficult to treat. Con- 
stant repetition of this idea is a pro- 
motional approach that will bear fruit. 

Water utilities, instead of support- 
ing the belief that water ought to be 
as cheap as air, should rather sell the 
idea that water rates are reasonable 
and are as low as good business ad- 
ministration justifies. Water works 
men must impress upon themselves, as 
well as on others, that water today is 
a commodity often not even abundant, 
requiring the skill of a technician to 
perfect and the ingenuity of an engi- 
neer to deliver. The water delivered 


as 


by the utility is a finished, processed 
product, and when speaking of rates 
it is not necessary to be apologetic. 
Nor should management be dominated 
by the thought that water rates in one 
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city cannot be higher than those in a 
neighboring city even though the basic 
conditions are radically different. 
With a good  background—honest 
statements of facts and the courage of 
conviction—public confidence and 
ceptance of proposed rate increases or 
other improvements is not too difficult 
an objective to achieve. 
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Rates. 


On November 1, 1946, in order to 
finance a new source of water supply, 
the Chester Municipal Authority in- 
creased its rates. This was done with 
excellent customer reaction and with 
a minimum of objections. It is, of 
course, always of great importance to 
keep the public in the right frame of 
mind. To do so in the face of a sub- 
stantial price increase is, it is felt, of 
even greater significance and points to 
an outstanding public relations job, 
well worth the time, effort and expense 
involved. 


Chester Supply 


Chester is located on the Delaware 
River, midway between Philadelphia 
and Wilmington. The Delaware River 
is the present source of supply for the 
entire service area of the authority, 
comprising, in addition to the city of 
Chester, five near-by boroughs and five 
townships—a_ district approximately 
seven miles long and four miles wide, 


serving an estimated population of 
over 100,000. 
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The Delaware River is entirely un- 
satisfactory as a source of supply. It 
is highly polluted with sewage and 
industrial wastes in spite of the fact 
that every effort has been made to 
overcome the condition. Although re- 
search indicates that the taste and odor 
problem can be controlled, the river, 
being a tidal estuary, is subject to 
salinity during periods of drought. 
Since 1930 a serious salt water con- 
dition has occurred almost yearly. 

Because of this increasing salinity, 
with its resultant hardship on industry 
and its objectionable characteristics for 
the domestic consumer, it became more 
and more apparent that the Delaware 
River would have to be abandoned as 
a source of supply. 

In 1929, the Public Utility Commis- 
sion held a hearing on the quality of 
Chester water and ordered the water 
company to make a study of possible 
new sources of supply and report its 
findings to the city. The study was 
made and the substance of the report 
indicated that, if the city permitted a 
rate increase, a new and satisfactory 
supply could be secured; otherwise, 
only limited additions and repairs to 
the existing plant would be possible, 
which would improve but not entirely 
correct the condition. The city did 
not agree to a rate increase at that time. 

In 1939 the city of Chester created 
an authority which purchased the wa- 
ter company. One of the principal 
objects of this acquisition was ulti- 
mately to secure a new source of sup- 
ply. To this end, investigations were 
started almost immediately. During 
the war, however, little progress was 


Public Relations 


In 1946 the Chester Municipal Au- 
thority decided it was timely to employ 


the services of a consulting engineer 
and to take the first step toward secur- 
ing the kind of public relations neces- 
sary to achieve its objectives. A meet- 
ing of representative citizens and 
members of the press was held, at which 
definite plans to procure a new source 
of supply were made known, as well 
as the authority's intention of obtain- 
ing the services of an outstanding 
engineer. Those present at the meet- 
ing were informed that the task was 
so great that, without their full coop- 
eration and support, it would be use- 
less even to try to get the badly needed 
water supply. The citizens were urged 
to back the authority in every way 
and were told that it was relying on 
them to do so. The qualifications of 
outstanding water works engineers, se- 
cured prior to the meeting, were pre- 
sented to the group and its aid was 
enlisted in making the final selection. 

After exhaustive studies, including 
some topographical surveys of sites for 
dams and impounding reservoirs, the 
engineers made their recommendations, 
which involved the purchase of land. 
In order to avoid the possibility of a 
land grab, it was extremely important 
that the negotiations should not be 
made public. At this time it was 
decided to take the second step in 
the public relations program. Certain 
members of the press were given the 
full story and were told the authority 
had absolute confidence that they would 
not divulge the information until its 
release was approved. This belief in 
the press was well founded: the story 
was kept in complete secrecy. 

In the beginning the local papers 
were definitely unfriendly. Their first 
reaction was to oppose and _ belittle 
everything the authority was trying to 
do. Thus, it was necessary not only 
to sell the public but also to convert 
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the press. The authority finally ac- 
complished its purpose by convincing 
the newspapers of its sincerity and of 
the importance of the project to the 
community. 

Over a period of months strategic 
land was purchased and agreements 
signed. It was then time for step 
number three in the public relations 
plan. Once again those who had at- 
tended the first meeting—both repre- 
sentative citizens and members of the 
press—were brought together. All the 
details of the project were disclosed 
for publication. The local press de- 
voted almost an entire to the 
project, dozens of pictures and illus- 
trations were included and the story 
was given the entire front page. That 
meeting marked the end of hostilities 
on the part of the press and the be- 
ginning of an outstanding public rela- 
tions job. 

Many more steps along the road to 
success in dealing with the public have 
been taken since that time. Experi- 
ence has shown that chief among these 
is keeping the public informed. To do 
this the authority employs many media 
—meetings, motion pictures, press re- 
leases and others. The authority saw 
to it that its own employees became 
special emissaries of good will by edu- 
cating them in all phases of the new 
project. As a result discussion 
groups, they were able to answer all 
questions intelligently and were capa- 
ble of dispersing rumors. 

Because the source of supply selected 
was in a new territory approximately 
40 miles from Chester and required the 
construction of an impounding dam, a 
water purification and pumping plant, 
various storage reservoirs and a 40- 
mile transmission pipeline, the author- 
ity was once more faced with a public 
by previous 
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job. 
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experience, meetings were immediately 
arranged with community and _ civic 
groups; the entire plan for the new 
project was presented and discussed, 
Little by little, good will was estab. 
lished. When inquiries began to ar. 
rive from prospective consumers, the 
authority felt the foundation had been 
laid for satisfactory public relations jn 
the new area. 

Early in the publicity program, after 
the sympathy of the press had _ been 
won and the loyalty of the public 
seemed assured, it was announced that 
in order to finance the new supply it 
would be necessary to increase rates, 
An adequate rate schedule was com- 
puted and went into effect with little 
objection, none of it organized. Bonds 
have been issued and excellent  prog- 
ress has been made on the new project. 
Contracts were awarded for building 
the dam and water purification plant 
at Pine Grove, Chester County, Pa, 
on March 25, 1948. 


Conclusion 


In dealing with the public to obtain 
price increases, or in any other phase 
of business affecting the people, their 
good will, cooperation and loyalty can 
best be secured by keeping them posted 
on all of the facts, all of the time, and 
by taking advantage of every oppor 
tunity to sell the integrity of the or 
ganization and its sincerity of purpose 


William R. Wise 


Mgr—Engr., Commissioners 
Works, Newberry, S.C. 


of Public 


In order to understand the public 
relations problems involved secur 
ing popular support for rate increases 
in Newberry, S.C., some acquaintance 
with the community background ts re 
quired. Newberry is a typical smal 
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southern town of approximately 8,000 
persons, located in the central portion 
of South Carolina. Its main industry 
consists of three textile mills. The 
public utilities—water, electricity and 
sewerage—are municipally owned and 
are operated under an elective board 
of three commissioners. Like all com- 
munities which had no influx of indus- 
tries in the war years, Newberry was 
dormant during that period. With no 
demand for water plant expansion, no 
capital improvements were made. 

At the close of World War II, the 
South—Newberry included—began to 
visualize an industrial expansion pro- 
gram. The Newberry Chamber of 
Commerce became active and = ap- 
proached a number of industries about 
locating new plants in the city. Very 
shortly afterward, the water depart- 
ment was requested to provide infor- 
mation on its ability to furnish water 
for various industrial purposes. An 
analysis of water plant facilities was 
immediately undertaken, and it was 
found that not only were they inade- 
quate for industrial needs but they 
would also be insufficient to meet do- 
mestic requirements by 1949, because 
of new residential construction and the 
increased demand in existing homes 
due to the higher standard of living. 

With the aid and support of the 
local Chamber of Commerce, a citizens’ 
meeting was called early in 1946 to 
the and select a 
method of financing plant expansions. 
In 1942 the South Carolina State 
Legislature had passed the Revenue 
Bond Act which enabled municipali- 
ties to finance utility improvements by 
the use of revenue bonds. Up to that 
time the only methods used to finance 
improvements were to draw from a 
general surplus or issue general obli- 
gation bonds. Because the public had 


discuss problems 


RATE 
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not been schooled in the details of the 
Revenue Bond Act, this was the initial 
job to accomplish. At the first citi- 
zens’ meeting there was a great deal 
of enthusiasm, but the number of per- 
sons present was less than 50. This 
lack of attendance made the depart- 
ment realize that it had sorely failed 
in creating public interest in its activi- 
ties. The failure might well be attrib- 
uted to the fact that the public was 
unfamiliar with the over-all operation 
of the department. 

The first citizens’ meeting was given 
good publicity in the local papers and 
did help create a little more interest. 
At the second meeting the attendance 
was better, but still only a_ small 
percentage of the population was rep- 
resented. The water department pre- 
sented an itemized list of utility im- 
provements needed and their estimated 
It also recommended that these 
improvements be accomplished through 
the use of revenue bonds and that both 
water and electricity rates be increased 
to provide sufficient funds to retire the 
bonds. The small group of citizens 
present at the meeting concurred in 
these proposals. 


cost. 


Rate Referendum 


The city officials decided that the 
department did not have sufficient sup- 
port for the proposed water and elec- 
tric rate increases and requested it to 
hold a referendum in order to poll all 
the customers. This referendum was 
to be conducted by mail, permitting 
‘ach consumer who received a water 
and light bill to express his opinion 
on a water rate increase of approxi- 
mately 50 per cent and an electric rate 
increase of approximately 25 per cent 
to finance improvements. 

The request for a referendum caused 
the department great anxiety, for if it 
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failed, the city administration could 
hardly support the increase in the face 
of the voters’ opposition. The depart- 
ment thereupon started searching for 
public relations data in an effort to 
find out how to gain public support. 

It was decided to use the local news- 
papers for publicity and to forward a 
mimeographed letter to each customer 
explaining in detail the improvements 
that were needed and why a rate in- 
crease was necessary to finance them. 
Along with this letter a self-addressed 
envelope and card were enclosed for 
the customer to indicate whether or 
not he was in favor of raising the 
water rates. The letters and cards 
were mailed by August 15, 1946, and 
a return was requested by August 30, 
1946. 

Prior to the mailing date several 
talks and discussions were conducted 
before various civic organizations. 
These groups provided material as- 
sistance, as most of them actually in- 


serted in the local papers a notice of 


their support of the program. Fylj 
cooperation of the press was also ob- 
tained, and the problem and _ referen- 
dum received good publicity. 

A total of 1,505 letters and cards 
were mailed to customers and 818 
were returned. Of these, 509 ex. 
pressed themselves in favor of increas- 
ing rates and 309 were opposed. The 
water rates were increased approxi- 
mately 55 per cent, and in the first 
month of operation under the new rate 
structure there were only three real 
complaints. 

In the author’s opinion, the principal 
public relations lesson to be learned 
from the Newberry method of obtain- 
ing a rate increase is to take the public 
into confidence by keeping them in- 
formed of all the operations of the 
water department. After all, the con- 
sumers are the stockholders of any 
municipally owned water utilitv. A 
well-informed public proved a valuable 
asset in Newberry, and this will prob- 
ably hold true for any community. 
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Determination of Economical Pipe Diameters 4 
in Distribution Systems 


HE numerous factors which con- 
T trol the design of a water distri- 
bution system are so complex and 
often so incapable of rationalization 
that, up to the present, the problem of 
determining the most economical com- 
bination of pipe sizes, pumping head 
and elevated storage in a water system 
has been badly neglected. <A general 
solution is impractical in systems of 
rugged terrain because the problem 
there is exceedingly complex. In a 
simple system, however, where the ter- 
rain is level, it is possible to produce 
general equations showing the inter- 
dependence of the variables. It is the 
purpose of this paper to develop the 
equations for a simple system with the 
expectation that the knowledge of the 
interdependence of the variables in 
these cases might produce a better un- 
derstanding of the problem and, per- 
haps, lead to better designs. 

The outstanding advances in distri- 
hution system analyses of the last few 
years by Cross (1), Doland (2), Al- 
drich (3) and Camp and Hazen (4), 
improving upon the earlier work by 


Freeman (5), have contributed much 


toward making solutions of certain 
phases of the problem possible. These 


methods of analysis, however, are only 
the means to study a system once it 1s 
designed; or possibly to examine la- 
boriously a few of the infinite combina- 


By Vance C. Lischer 
; A contribution to the Journal by Vance C. Lischer, Horner & Shifrin, 


Engrs., St. Louis. 


tions of pipe sizes, input heads and ele- 
vated storage—only one combination of 
which provides the lowest annual cost. 

Howson (6) has emphasized the 
iunportance of the distribution system 
and the additional attention it deserves. 
Probably the most valuable contribu- 
tion toward the design of distribution 
systems is that of Camp (7), in which 
a definite technique is developed for 
the determination of economical pipe 
sizes. 

In this paper, the principles of design 
developed by Camp are applied to a 
simple problem and the effects of the 
variables on the economical pipe size 
are shown. It is the author’s convic- 
tion that the results of this simple 
exploration will be helpful in providing 
a proper understanding of the factors 
affecting a more complex design, par- 
ticularly because the process of solu- 
tion of the simple problem shows the 
interrelation of the variables. 


The Problem 


The problem, simply stated, is to 
find the most economical combination 
of pumping capacity, transmission main 
sizes, elevated storage and pumping 
head to serve a community at the low- 
est annual cost. Otherwise stated, the 
problem is one of finding that combina- 
tion of fixed charges on invested capi- 
tal in pumps, mains and storage, plus 
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power cost to overcome pipe friction, 
plus other operating costs which give 
the lowest annual cost. Before pro- 
ceeding with the method of solution, 
the various factors involved will be 
listed and discussed. These include: 
(1) the initial cost of pipelines; (2) 
the initial cost of pumping stations; 
(3) the initial cost of (4) 
the cost of invested capital; (5) de- 
preciation; (6) the maintenance of 
physical properties; (7) the minimum 


storage ; 
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made initially regarding the kind of 
pipe considered best for the local con. 
ditions. Above a certain size, it may 
sometimes be desirable to consider 3 
different type of pipe, which means 
that separate formulas must be ob. 
tained and some trial and error deter. 
mination will probably be necessary jn 
the study. 

Although it is understood that unit 
costs will vary within a community, 
depending upon the particular routing 
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pressure to be maintained in the street 
at consumers’ taps; (8) the cost of 
power; (9) pumping efficiency; (10) 
the variation in demand for water; 
(11) the pipeline carrying capacity; 
and (12) future demands. | 
Pipeline Cost 
In any given locality, it is possible 
to determine the cost of various sizes 
of mains in place. A decision must be 
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Pipe Diameter and Cost of Mains 


factors should tend to 
average out in a specific problem and 
should not affect the end result appre- 
ciably. Camp (7) gives an equation 
for pipe costs as a function of diameter, 
using basic unit costs. Figure 1 shows 
cast-iron bell-and-spigot pipe costs from 
several different sources, plotted against 
diameter on logarithmic paper. (A 5 
per cent allowance is made for valves 
and fittings in the curve chosen for this 
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analysis.) The costs follow straight 
lines remarkably well. From the 
straight-line plotting, exponential equa- 
tions can be determined relating diam- 
eter to cost. The equation given be- 
low, for the extreme right curve in 
the graph, is used in the analyses made 
in this paper and is considered to be 
fairly representative of 1947 costs: 


Pipe Cost per 1,000 ft. = 197D'*". 


PD is the diameter in inches, and the 
cost is expressed in dollars. 


Pumping Station Cost 


In the determination of the cost of 
overcoming friction head, the fixed 
charges on a portion of the investment 
in pumping station facilities should 
properly be considered. The 
problem is concerned with evaluating 
the total pumping station head—that 
is, the static head plus the system fric- 
tion head—to be utilized in lieu of 
larger transmission mains. Obviously, 
pump, motor and hence the over-all 
cost of the station are affected if the 
total head is increased. 

Early in the analysis of such a prob- 
lem, it is necessary to determine the 
motive power to be used for pumping. 
Once this is settled, the general ar- 
rangements of the pumping station and 
the type of pumps and driving units 
must be decided upon. Thereafter, 
the incremental cost should be found 
for the incremental pumping head. 

In this phase of the problem, rather 
broad assumptions are made in this 
paper about the ratio of the incremen- 
tal cost to the base cost. In a particu- 
lar problem, these elements of cost can 
be segregated and a realistic analysis 
made. 

As the basis for the demonstration 
of the problem under consideration, 


basic 
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electrically operated pumps using pur- 
chased power are assumed and the cost 
of providing such facilities is taken 
roughly from the approximate average 
unit cost of four electrically driven 
high-service pumping stations con- 
structed before World War II. 

The unit for consideration is the cost 
of pumping facilities for 1 mgd. of 
installed capacity lifted one foot. Us- 
ing such a unit seems to be justified, 
since the total power required is di- 
rectly proportional to capacity and 
head. To determine the unit cost, the 
total cost of such a station is divided 
by the total installed pump capacity 
(in million gallons per day) times the 
pumping head. The unit costs thus 
calculated are $12, $15, $19 and $25 
for the four stations. A figure of $30 
is considered suitable for use in this 
problem in the light of present prices. 

In producing an equation consistent 
with the variables employed in the 
problem, instead of using total installed 
capacity, it is necessary to use average 
daily capacity. To determine the rela- 
tion between these values, the percent- 
age of reserve capacity to be available 
at the peak must be established. In 
this problem, the amount is assumed 
to be 25 per cent of the total installed 
capacity (this is independent of emer- 
gency elevated storage or of the effect 
of reserve power supply facilities). 
Also, in this problem, the duration 
curve of pumping rates (Fig. 2) gives 
the maximum hourly pumping rate as 
2.32 times the average rate. Combin- 


ing these two factors (the reserve 
capacity required and the relation of 
the maximum rate to the average). 


the installed capacity becomes 310 per 
cent of the Applying this 
percentage to the average adjusted cost 
per million gallons a day raised one 


average. 


| 
| 
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= 
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foot ($30 for the four pumping stations 
mentioned in the preceding paragraph ), 
a proper equation for the initial cost 
of the pumping stations, in dollars, is: 


Pumping Station Cost = 930H..(2) 


in which H is the total pumping head 
in feet and QO is the average pumpage 
in million gallons per day. 

Equation 2 may also be expressed 
thus: 


Pumping Station Cost 
= 930H, + 930H,..(3) 


in which H, is the static head and H., 
is the maximum friction head. 

Equation 4 gives the relationship of 
the maximum friction head to / (the 
friction head at average QO per 1,000 
ft. of pipe) in a system where there 
is no elevated storage for equalizing 
purposes : 


H, = 2.32'*hL = 4.73hL. . (4) 


L is the length of the system in 1,000- 
ft. units. Combining Eq. 3 and 4: 


Pumping Station Cost 
= 930H, + 4400hL.. (5) 


In this study, only the pumping sta- 
tion cost related to the friction head 
need be considered. It is reasonable 
to assume that costs due to increments 
of head above the static head should 
not be calculated at the same unit cost 
as the hasic requirements. It 
sumed that the constant for the equa- 
tion for the cost of pumping to over- 
come pipe friction will be 50 per cent 
of the value given in Eq. 4. The equa- 


is as- 


tion to be carried forward in this 
analysis, therefore, is: 
Cost = 220Q0h...... (5a) 


in which the initial pumping station 
cost of overcoming pipe friction is ex- 
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pressed in dollars per 1,000 ft. of 
system. 

Elevated Storage Cost 

Elevated storage may normally bg 
required in a water system for one or 
more of these reasons: (1) to provide 
reserves against the failure of pumping 
facilities; (2) to provide fire reserves: 
(3) to equalize pumping rates in order 
to reduce plant capacity, improve pump 
efficiency, reduce demand charges or 
power plant requirements, reduce in- 
stalled pumping requirements or re. 
duce transmission main requirements, 

The required storage for reserve 
supply must be calculated from a con- 
sideration of the vulnerability of the 
source of supply. In most systems, 
reserves are needed unless conditions 
peculiar to the supply guarantee the 
continuity of service. Such factors 
may be « multiplicity of sources, un- 
usual plant stand-by or gravity supply 
from an impounded reservoir. — Stor- 
age for this purpose, as well as for 
fire reserves, should not be encroached 
upon for equalizing purposes. 

If the source of supply involves elab- 
orate purification facilities or costly 
wells, it will probably be economical to 
install ground storage at the plant suf- 
ficient to equalize the rate of flow on 
the maximum day. Since the equiva- 
lent storage to serve the same purpose 
could be provided as elevated storage 
in the distribution system, the differ- 
ence in cost to elevate this storage 1s 
all that can justifiably be considered in 
analyzing the size of mains to be in- 
stalled or the amount of pumping facil- 
ities to be provided. 

In this problem, the incremental cost 
of elevated steel storage tanks over 
steel ground storage tanks is taken as 
10¢ per gallon. If ground storage 
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August 1948 ECONOMICAL 
reservoirs are to be of concrete, it 
would still be proper in the economic 
analysis to use the differential cost for 
steel tanks, since the elevated steel 
tanks would not be comparable to con- 
crete ground storage on the basis of 
the life of the investment. 
Cost of Invested Capital 

There is no general agreement on 
the method of determining the interest 
rate to be used in an economic analysis. 
Therefore, for the purpose of shoaving 
the effect of this factor, interest rates 
in 1 per cent increments from 1 through 
5 per cent are used. 
Depreciation 

As with interest rates, there is wide 
difference of opinion about the method 
of depreciation to be used. In order 
to take into consideration the earning 
capacity of the depreciation reserve, 
and also to provide a uniform annual 


depreciation allowance, the sinking 


fund method of depreciation is em-_ 
ployed in this analysis with the interest — 


rate being equal to the rate used for 
invested capital. 

The life span adopted for deprecia- 
tion purposes is 100 years for mains, 
on the assumption that they will be of 
cast iron, and 30 years for pumping 
equipment. The annual depreciation 
allowances—hased on different interest 
rates—resulting from the sinking fund 
method are shown in Table 1. | 
Maintenance 

Maintenance is regarded in_ this 
paper as a function of the initial cost 
of the installation. Annual pipe main- 
tenance is considered to be 0.25 per 
cent of the initial cost and pumping 
station maintenance 2 per cent of the 
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Minimum Pressure 


Since consideration is given in this 
problem only to primary feeders, the 
nunimum pressure to be maintained is 
taken as 50 psi., thus providing a mar- 
gin of at least 20 psi. for loss of head 
in secondary feeders in residential 
areas. Where the critical pressure 
area is commercial or industrial, some- 
what higher basic pressures may be 


required for fire protection. 


Power Cost 

The power cost element in the prob- 
lem can be exceedingly complex, par- 
ticularly if power is purchased under 
a contract involving a demand charge 
with a varying energy rate. The prob- 


TABLE 1 
Interest and Depreciation Rates 


Depreciation Rate 
100-yr. Life 30-yr. Life 


Interest Rate 
per cent 


1 0.0059 0.0287 
~0.0032 0.0246 
3 0.0016 0.0210 
4 ~—0.0008 0.0178 
5 0.0004 0.0151 


lem is also made more complex if the 
unit power, whether for a 
steam or diesel plant, varies with the 
amount of load on the plant. Since 
the energy given the water to over- 
come friction is only part of the total 
energy delivered to the water, incre- 
mental unit costs of power may some- 
times be used. On this basis, it may 
be justified to consider only fuel costs, 
since operating labor and supplies and 
expense will not be increased by the 
greater load. It would be necessary 
to take into consideration such added 


cost. of 


fixed charges as are required only for 
the increments of power plant invest- 
ment needed for the greater loads. 
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Fic. 2. 
In order to simplify the solution in 


this hypothetical problem, in which 
purchased power is assumed, a cost of 
7 mills per kilowatt-hour is used for 
power to overcome pipe friction. 


Pumping Efficiencies 


The ascertaining the 
probable average efficiency attainable 


problem of 


@ 


50 60 70 80 90 100 


Per Cent of Annual Time Hourly Pumping Rate is less than Ordinate Values 


Duration Curve of Hourly Pumping Rates 


with an electrically operated system is 
a difficult one, particularly in the de- 
sign phase. Certainly, with the widely 
varving demand for water and the con- 
sequent wide variation pumping 
heads in a system where no distribu- 
tion system storage is used for equaliz- 
ing purposes, it may become difficult 
to realize a high average efficiency. 
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Avg. Ordinate Value =1.08 


Relative Pipe Friction 
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Per Cent of Annual Time Relative Pipe 
Friction is less than Ordinate Values 
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Fie. 3. 


In any particular problem, after pump- 
ing heads have been determined from 
a consideration of the most economical 
sizes of mains to be used, it will be 


Per Cent of Annual Time Relative Power to Overcome Friction is less than Ordinate Values a 


Duration Curves of Friction Head and Power to Overcome Friction 4 


50 60 70 80 90 100 


necessary to recheck the figure origi- 
nally assumed for wire-to-water eff- 
ciency. In this demonstration problem, 
an average wire-to-water efficiency of 
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‘| 
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75 per cent is adopted. This would 
seem to be reasonable of attainment 


with modern pumping equipment in a 
carefully designed station. 


Varying Water Demand 


Fairly accurate knowledge of the 
duration of pumping rates is necessary 
for a proper evaluation of the problem, 
but few data are available on this sub- 
ject. A duration hourly 
pumping rates, taken from a study (8) 
of the Toledo, Ohio, water system, is 


curve’ of 


presented in Fig. 2 and used as a basis 
of analysis in this paper. 

Using this duration curve as_ basic 
data, it is possible to determine the 
factor A which must be applied to 
gq. 8 (given later) to determine the 
cost of power to overcome friction. 
The symbol O in Eq. 7-9 (given later ) 
represents the average daily pumpage. 
To calculate the average friction, and 
hence the average power to overcome 
friction, it is necessary to obtain fac- 
tors related to the pumping rate-dura- 
Where a constant service 
pressure is maintained at a_ critical 
point in the system, and where the 
rates of usage at all points in the svs- 
tem bear the same relationship at all 
times, the friction head varies as the 
1.85th power of the pumping rate and 
the energy to overcome friction as the 
2.85th power, using the Hazen-Williams 
formula. The curves in Fig. 3 are the 
pumping rate-duration curve raised to 
the 1.85th and 2.85th The 
factors applicable to these curves, which 
are also shown in the figure, are ob 
tained by integrating the curves. The 
significance of the the 
curves given in Fig. 3—1.08 for the 
upper curve and 1.35 | K | for the lower 
—can best be explained thus: Where 
the pumpage varies as shown by the 


tion curve. 


powers. 


averages of 


Jour. AWW, 
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duration curve (Fig. 2), the san, 
amount of frictional loss would he oh 
tained if a uniform rate of flow 1 
times the average hourly rate were ey. 
perienced; and the same amount ¢ 
power to overcome friction would 
required if a uniform rate of flow 1,3 
times the average hourly rate wer 


experienced. 


Future Demand 


Where the future growth of the sys 
tem must be considered, it is necessan 
to assume some definite period of ting 


over which the analysis is to be mad 
If a growth curve has been assumed 
a modified duration curve of wate: 
demand can be determined. From this 
curve new A factors for Eq. 8 can bk 
obtained graphically the manne: 
previously described. ‘ 


Pipeline Carrying Capacity 


The determination of the economica 
diameter involves the use of a flow for. 
mula. In this analysis, the Hazen- 
Williams formula is used and a (¢ 
value of 130 is assumed. 


Solution for Simple System 


The system upon which the analysis 
is made is one which is in level terrain 
and which consists of a single trunk 
supply line with ten equal take-offs 
equally spaced. Should several trunk 
supply lines be assumed, the analysis 
will be applicable if a proportionately 
smaller average daily pumpage is alse 
assumed, 

The further assumption is made i 
this simple preblem that the pattern 
or duration curves of usage for al 
take-offs identical. In the firs 
round of analysis, it 1s assumed that 
no elevated storage in_ the 
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The determination of the sizes of 
the mains for each of the components 
of the system are based on the method 
developed by Camp (7). In this 
method, an assumption is made about 
the power cost chargeable to any com- 
ponent transmission main in determin- 
ing its economical size. The charge- 
able cost is for the quantity of power 
required to raise the flow in the main 
(plus all of the take-offs upstream) 
by the amount of the friction head in 
that main. This is a logical assump- 
tion because all the flow taken off up- 
stream from a given main must be 
raised high enough to overcome the 
friction in that main. 

The symbols used in the basic equa- 
tions which determine the economical 
diameters in the system described are: 
D —Pipe diameter (in.) 
D,—Diameter of first main 

pumping station (in.) 

R —Rate for annual fixed charges on 
pipe investments (interest plus 
depreciation ) 

JJ—Annual maintenance cost of pipe 
expressed as proportion of pipe 


from 


investment 

Q —Average pumpage (megd.) 

r Rate for annual fixed charges on 
pumping station investment 
(interest plus depreciation) 

m-—Annual maintenance cost of 

pumping station facilities, ex- 

pressed as proportion of pump- 

ing station investment 

h —Friction head (ft.) per 1,000 ft. 
at 

hs—Average friction head (ft.) per 

1,000 ft. at Q, for system with 

ten equally spaced equal take- 


offs 

K —Factor depending on duration 
curve of pumping rates 

P —Cost of power ($/kwhr.) 

—Average wire-to-water efficiency 


4 


ECONOMICAL PIPE DIAMETERS 


Hazen-Williams C 


f Proportion of total Q taken off 


downstream from given 
reach of pipe 


G Cost of main ($/1,000 ft.) 


any 


G,—Average cost of mains ($/1,000 
ft.) in system of ten equally 
spaced equal take-offs 
—The expression 
1,146 KP 
220(r + m) + : 
R+M 


The basic equations are given below. 
Krom Eq. 1, the annual cost of pipe 
($ /1,000 ft.) 


= 


From Eq. 5a, the annual cost ($/ 1,000 
ft. of system) of incremental pumping 
facilities to overcome pipe friction 


= 220(r + m)Qh...... (7) 


The annual cost ($/1,000 ft. of sys- 
tem) of power to overcome pipe fric- 
tion 


1,146K 


From the Hazen-Williams formula: 


The total annual cost is the sum of 
Eq. 6,7 and 8. The economical diam- 
eter giving the minimum annual cost 
can be determined by differentiating 
and equating to zero. The results of 
this manipulation, after substituting 
Eq. 9 for h, are: 


1,146K P 0.1595 iy 


220(r+m)+ 
; 
R+M 
15.86f° 295()0.455 
x (10) 


295 
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2,716f° petty From the relationships shown for 
1146KP]°77 factor f in Table 2, Eq. 13 is derived 
220(r +m) + E for the average loss of head in the 
RiM fe. - system. From this equation the total 
(11) Equation 14 is similarly derived for 
ape, 1,146KP]°2 the average cost of mains; and from 
220(r+m)+ Ek ay 7 Eq. 14 the total cost of the trunk main 
RiM — system can be determined. Equations 
Yr) So 11 and 12 are multiplied by 0.7485, 
9,438/*- the average of The symbol T 
4 replaces the expression in brackets in 
TABLE 2 
Diameter, Friction Head and Cost of Mains 
: Friction Head and 
Main From Pumping Sta. f eer “Cost of Main: 
04 
Ist 1.0 1.0 1.0 
2nd 0.9 0.969 0.957 
—_ 0.8 0.936 0.912 
0.7 0.900 0.863 
0.6 0.860 0.809 
6th 0.5 0.815 0.751 
7th 0.4 0.763 0.685 
0.3 701 0.608 
10th Ps) 0.1 50700 0.386 
| Average 0.7485 
The relationships between the diam- Eq. 11 and 12: es! 
eters, friction losses and costs of the 2.033 bt ol 
component mains in a system with ten hy = (13) 
equally spaced equal take-offs, deter- 
minable from the above equations, are saad 
given in Table 2. Ga = Coast (14) 


Table 2 shows what should be evi- 
dent from the method for determining 
the economical diameters : that the loss 
of head per unit of length decreases in 
mains farthest from the pumping sta- 
tion. It indicates that a gradient con- 
tour map of a distribution system (in a 
level system) should show wider spac- 
ing of contours toward the extremes of 
the system. 


To determine the diameters of the 
component mains in the system, the 
diameter of the first main is ascer- 
tained by means of Eq. 15 and is mul- 
tiplied by the factors given in Table 2. 
For the first main in the system, the 
factor f is 1. 

i= (15) 


: 


Augus 


Tal 
ous 1 
jowin: 
up th 
E=' 
(Dep 
ing fl 
life fc 
year 
Ta 
and ¢ 
ona 
has b 
hy, L 

Fr 
sizes 
simil: 


used 
the « 
used 
usins 
on tl 
and 
for | 
ple, 
selec 
20 1 
forn 
sizes 
assu 

A 
tion: 
this 


4. 


= 
| 


August 1948 ECONOMICAL 
Table 3 has been compiled for vari- 
ous interest rates, based on the fol- 
lowing values for the elements making 
up the factor 7: K = 1.35, P = 0.007, 
f= 0.75, m = 0.02 and M = 0.0025. 
(Depreciation is calculated by the sink- 
ing fund method, assuming a 30-year 
life for pumping equipment and a 100- 
year life for mains. ) 
' Table 4+ gives the values of hy, D, 
and G4 for various interest rates, based 
on a C of 130. Using Table 4, Fig. 4 
has been drawn, showing the values of 
hy, D, and G4 for various values of Q. 
From a practical standpoint, the pipe 
sizes obtained from graphs and tables 
similar to Fig. + and Table 2 can be 
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data for the graph are typical. These 
observations are discussed in detail 
below. 

Importance of Interest Rate | 


Perhaps the most disturbing factor 
in the analysis is the large part played 
by the value placed upon money. It 
has always been apparent that it is an 
important element in any engineering 
problem. This analysis shows how im- 
portant the assumed interest rate is in 
the determination the economical 
pipe size. 
Using Fig. 4, it can be seen that, 
for a transmission line of ten take-offs 
in a system 40,000 ft. long with an 


of 


TABLE 3 
Interest Rate and Values of T 


used only as guides to the selection of 
the commercially available sizes to be 
used in the system. The final choices, 
using commercial sizes, should be made 
on the basis of achieving the total cost 
and loss of head for the system shown 
for the theoretical For exam- 
ple, Table 5 shows commercial sizes, 
selected for a system with QO equal to 
20 mgd., which give an over-all per- 
formance comparable to the theoretical 


sizes. 


sizes. A 3 per cent interest rate 1s 
assumed. 
A number of interesting observa- 


tions can be made from the results of 
this analysis, shown graphically in Fig. 
In general, the background cost 


4. 


Interest Rate T T 0.1595 70.223 
per cent 
eg 1,487. 291.7 3.206 5.098 
1,115. 232.2 3.062 4.781 
3 881.5 194.3 2.950 4.537 
4 (729.3 167.7 2.862 4.350 
5 _ 627.0 149.1 2.794 4.205 


average pumping rate of 20 mgd., the 
investment would be $1,300,000, as- 
suming a 1 per cent interest rate, and 
$1,070,000 for a 5 per cent rate. This 
is a sizable difference of $230,000, or 
about 21 per cent, in the first cost. 

When the money for an improve- 
ment to a system comes out of accumu- 
lated surplus or depreciation reserves, 
the selection of an interest rate for 
analysis is largely academic and some- 
times is not given the thought it de- 
serves. 

Often, where a low municipal bond 
interest rate is possible and is used 
as the basis in the analysis, a higher 
investment may be indicated as achiev- 
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Relationships of Distribution System Variables 
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ag the most economical solution of the 
roblem. Perhaps, then, the use, of 
the borrowing rate in the analysis may 
aot in the long run be to the best ad- 
vantage of the consumer, who ulti- 
mately pays the cost. The money used 
to finance the project, whether obtained 
from accumulated earnings or bor- 
cowed at current interest rates and 
ater repaid, comes out of the consum- 
e's pocket. Certainly, the value of 
the money to him is pertinent to the 
problem. 


Effect of System Length 


Although the capacity of any system 
s unlimited, depending only upon the 
umount of pressure that can be im- 
pressed upon it, it is obvious, from a 
practical standpoint, that an upper 
limit of pressure must be established 
ior water works practice where cus- 
tomers are being supplied along the 
transmission mains. In this connection 
t should be noted that the economical 
liameter is independent of the length 
i the system (except to the extent 
that more costly higher pressure pipe 
might have to be used). 

If booster pumps are not employed 
n the system to restore energy lost 
y friction, and if elevated storage is 
not used for equalizing pumping rates, 
amaximum limit of system length will 
be indicated for any assumed maxi- 
mum plant or pumping pressure. This 
limit, in turn, is dependent on the 
average daily pumpage, the rate of 
interest assumed and, of course, on all 
the other variables in the problem. 

In Fig. 4, horizontal lines are shown 
which relate to the series of curves 
(hy) giving the loss of head at the 
average pumping rate. These lines 
show the upper limit of length that 
the conditions could meet where no 
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storage for equalizing high service | 
rates is used and where the upper all 
of pumping pressure is 125 psi. This’ 
is not an unreasonable upper limit and_ 
can be met by Class 150 pipe. It is — 
based on maintaining an acceptable 
operating pressure of 50 psi. at the 
end of the system, with an “oo 
of 75 psi. for the maximum friction 
loss. 
'f longer transmission systems were 
required than those indicated in Fig. 
+, elevated storage or booster pumps 
would be necessary. It is significant 
that the lengths of systems indicated — 
those 


are commensurate with which 
might be encountered in an actual - 
system supplying the average daily 
consumption indicated. 


Significance of Elevated Storage 


As pointed out previously, one of 
the functions of elevated storage is to 
equalize pumping rates. Equalizing 
storage can serve: (1) to reduce the 
amount of installed pumping capacity, 
(2) to reduce the amount of power 
facilities to be reserved for pumping 
(this may be reflected in the power 
rate as demand charge if purchased 
power is used), (3) to make possible 
the attainment of higher pumping ef- 
ficiency by reducing pressure extremes 
and (4) to permit savings in trans- 
inission mains. 

As stated before, some amount of 
storage is needed to minimize purifica- 
tion plant investment. Ground or ele- 
vated storage may be used. If ground 


storage is employed at the site of the 
plant and there is no elevated storage, 
pumpage must keep pace with demand. 
If elevated storage is used, it is often 
made adequate for equalizing the rate 
on the maximum day. 


Assuming that 


VANCE €. 
at least enough storage to equalize 
the maximum day’s pumpage can be 
justified for reducing purification plant 
capacity to a satisfactory minimum, it 
is only necessary to consider the incre- 
mental cost for making this storage 
elevated in analyzing its effect on the 
economical diameter. 

It has been shown that the duration 
curve of pumping rates (Fig. 2 and 3) 
introduces a factor K of 1.35 in the 
equation for the economical diameter 
(Eq. 10). Using the amount of ele- 
vated storage often considered desir- 
able—that is, the amount necessary to 
equalize the demand on the maximum 


LISCHER Jour. AW Ws 
with this amount of storage, A’ migh 
be reduced to 1.15. This reduction jy 
K would reduce the cost of economicg) 
mains only 2 per cent. 

Although the change in the K valye 
affects the economical diameters Insig. 
nificantly, the changed cost in pumping 
facilities has an important bearing on 
the problem. In the absence of ele. 
vated storage, pumping facilities mug 
be provided for the maximum hourly 
demand. Thus, as shown in the de. 
velopment of the equation for the cos 
of pumping, a station with a total ¢a- 
pacity of 310 per cent of the average 
daily pumpage is required where 


Interest Rate and Values of ha, D, and Gy 
Interest Rate—per cen: 
2 3 4 5 
j 0.934 Bry 1.40 1.62 1.83 
vA (90.366 (0. 386 (00.366 366, 
12.10 | 11.55 | 11.13 10.80 | 10.54 
Ga 4,824 | 4.524 | 4.293 4.116 | 3,979 
| | 
day—it can be shown that no signifi- equalizing elevated storage is provided; 


cant change is made in the investment 
in mains because of the influence of 
factor K alone. 

The amount of storage required to 
equalize the pumping rate on the maxi- 
mum day might be on the order of 15 
per cent of the maximum daily pump- 
age. Assuming that the maximum 
day’s pumpage is 160 per cent of the 
average daily pumpage, the amount of 
equalizing storage would be approxi- 
mately 24 per cent of the average daily 
pumpage. With the maximum pump- 
ing rate limited to 160 per cent of the 
average daily pumpage, as it would be 


by comparison, a capacity of 213 per 
cent of the average is needed where 
elevated storage is included. A fur 
ther difference results from the 
fact that a higher maximum pumping 
pressure must be provided for without 
elevated storage. 

Introducing these changes into the 


cost 


equation for the incremental cost of 
pumping facilities (Eq. 5a), a new 


equation is obtained: 
Incremental Cost = 77Qh. 


This equation changes the constant 
T from 882 to 521, using 3 per cent 
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aterest, K = 1.15, P = $0.007, E = 75 
ver cent and C = 130. The constant 
n the equation for the cost of mains 
s reduced from 4,293 to about 3,820, 
, cost reduction of about 12 per cent. 

Examples are listed in Table 6 for 
wstems with and without elevated stor- 
ge, giving the total first cost of vari- 
us units. Storage (24 per cent of the 
erage daily pumpage) for equalizing 
the ee on the maximum day is 
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reduce the savings indicated for sys- 
tems without storage. It is even pos- 
sible that the inclusion of the costs of 
these mains might make systems w ith 
storage comparativ ely less costly. Un- 
doubtedly, the minimum operating cost. 
would be obtained with some lesser 
amount of storage than that necessary 
to equalize the pumpage on the maxi- 
mum day. Savings possible through 
the improved load factor brought about — 


Comparison of Theoretical and Commercial Main Sizes 
- Commercial Sizes 
Theoretical 
Main From ae 
Pumping Sta. — Diameter Cost per 1,000 ft. Loss of Head at 0 
in. $ 
Ist 43.5 42 37,000 
2nd 42.1 42 37,000 
3rd 40.7 42 37,000 
4th 39.1 36 30,000 
5th 37.4 36 30,000 
6th 35.5 36 30,000 
7th $3.2 36 30,000 
8th 30.5 30 23,000 
9th 27.1 30 23,000 
10th 22.1 24 17,000 
ha = 0.471 Average $29,400 (G4) 
= $29,000 | 


ssumed and its cost—as elevated 
ieu of ground storage—is taken as 10¢ 
ver gallon. The values in the table are 
jased on an interest rate of 3 per cent, 
P= $0.007, E=0.75 and C = 130. 
The differential costs of the pumping 
stations are probably higher than they 
would actually be because only the size. 
and not the number, of the units would 
be affected. 

Table 6 does not give the complete 
transmission mains. There 
are other secondary feeders, and their 
costs, which should be included, would 


costs for 


by the use of storage may have to be 
taken into account. 

It should be noted that the quantity 
of elevated storage required for equal- 
izing purposes to reduce the amount 
of pumping facilities is determinable 
basically from the duration curve of 
pumpage. This curve is independent 
of the length of the system. There- 


fore, in compact systems, where smaller 
investments in transmission mains are 
required, the savings in mains will be 
less and smaller amounts of equalizing 
storage can be justified. 
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water is subject to greater variation 
than is assumed in this problem, stor- 
age may be required to limit the maxi- 
mum pumping pressure during the 
peak hour. The alternatives to the use 
of storage for this purpose are booster 
pumps or separate consumer supply 
lines along the transmission mains 
where pressures are too high for serv- 


TABLE 6 


In systems where the demand for 


essentially to — the method 9 

analysis. 


Pumping Station Design 


If the economic analysis indicate 
that little or no equalizing elevate; 
storage can be justified, careful attep. 
tion must be given to the design of the 
pumping facilites to meet the require. 
inents existing under these conditions 


Initial Costs of Distribution System Units pre lb 


Average Pumpage 


10 med. 


(30,000-1t. 


With Storage 


| 20 med. 


Length of System) 


Without Storage | 


(40,000-ft. Length of System) 


With Storage Without Storage 


Dual Supply Mains 


Mains $640,000 | 

Pumping Station* 100,000 

Elevated Storage 250,000 | 
$990,000 


$720,000 


$880,000 


$1,330,000 
200,000 
500,000 


$1,500,000 


160,000 320,000 


$2,030,000 $1,820,000 


Single Supply Main 


Mains $500,000 $560,000 | $1,030,000 $1,169,000 
Pumping Station* 95,000 145,000 195,000 295,000 
Elevated Storage 250,000 500,000 
$845,000 $705. 000 $1,725,000 $1,455,000 
station costs ained the following equations: 
ith Storage: Cost = 640 + 77Q0h = ‘ 
Without Storage: Cost = 9 30H, 2200h al 
le fel) 
ing consumers. These possibilities de- The station required in a direci 


serve consideration in economic 
study. 

In a particular problem, where all 
the costs could be set up, it should be 
possible to determine the most eco- 
nomical combination of mains and stor- 


age. The purpose of this paper is 


an 


pumping system without storage mus! 
meet water demand variations over ; 
range of 7.7 to-1 with a demand cury 
similar to Fig. 1 and pressure varia; 
tions from 204 to 117 ft. This state} 
ment is based upon the 20-mgd. single 
main system analyzed in Table 6 as4 
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representative example. Under some 
conditions, even greater pressure vari- 
ations may be indicated. A different 
duration curve of pumpage would re- 
sult in different ranges of flow and 
pressure which the design must take 
into account. 

The modern electrically driven cen- 
trifugal pump cannot meet these wide 


extremes and deliver a high average 
operating efficiency. It would be pos- 


sible for a station to be designed to 
meet the varying requirements with 
good efficiency, but the utilization of 
such a design in the problem would 
require that the greater cost be re- 
flected in determining the economical 
sizes of mains. 

The means for meeting the extreme 
variations in the design might include 
the use of two-stage pumps, with pro- 
vision for single-stage operation during 
the low-pressure periods. Careful de- 
termination of pump sizes would be 
necessary to permit coverage of the 
entire head-capacity requirements with 
variable speed applied only to a small 
part of the load. 

Another method of effecting a high 
degree of flexibility would be to make 
use of the stand-by power facilities, 
which would ordinarily be required in 
a system supplied with purchased 
power. If these power facilities con- 
sisted of diesel engines, they could be 
used to drive the second-stage units to 
obtain the high pressures required dur- 
ing peak demand. From the pressure 
range given above (117-204 ft.), and 
the duration curve of pumpage in Fig. 
1, it is apparent that the pumping head 
will be in excess of 150 ft. only about 
10 per cent of the time. The range of 
head from 117 to 150 ft., with the 
average approximately 135 ft., could 
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be handled by a single-stage pump 
with good efficiency. The utilization 
of a small amount of diesel pumping at 
all times, to cushion the variation in 
demand and permit the electrical units 
to operate at full speed, would be 
highly beneficial in reducing electrical 
demand charges and in improving the 
average station efficiency. 

It can be seen, from the equation 
for the economical diameter, that the 
capital cost in pumping station facili- 
ties is an important element, particu- 
larly because a large capacity is re- 
quired in a direct pumping system. 
The costs are based on conventional 
pumping station design with indoor in- 
stallations and all of the auxiliary ex- 
pense which accompanies the substan- 
tial construction used in municipal 
practice. With the advent of the out- 
door unit substation and the outdoor 
vertical pumping installation, unit costs 
of pumping stations should be mate- 
rially reduced. With this reduction in 
cost, it may be shown that there is 
less justification for large amounts of 


equalizing elevated storage. aed 


Present Practice de 


It should be apparent that present 
practice departs far from the attain- 
ment of maximum economy for two 
basic reasons. One is that losses of 
head and velocities in use in existing 
systems are in general lower than those 
indicated for the economical pipe sizes 
in these studies. The other and more 
important reason is that the method of 
operation of systems with storage re- 
sults in the waste of energy. 

In systems where elevated storage 
is employed, it is customary to operate 
with the storage floating on the line, 
or even with the pressure sufficiently 


| 
_| 
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high to keep the altitude valve closed. 
If the storage is designed to provide 
adequate pressure when needed, all 
of the storage should be above the 
gradient necessary for supplying the 
normal requirements. Storage for 
equalizing purposes is used when the 
demand for water is greatest. If this 
storage is floating on the system, it 
can be made available only by allowing 
the pressure to fall in the areas served 
by it. The pumping facilities, mains 
and storage are therefore designed to 
maintain an adequate pressure for the 
most remote customer at the peak, and 
the inherent design of the system re- 
sults in greater than adequate pres- 
sures being maintained most of the 
time. 

For systems with storage floating on 
the line, a pressure drop of 20-30 ft. 
may be necessary to make it all avail- 
able. This may be 15 to 20 per cent 
of the entire pumping head and may 
represent that same proportion of the 
total power cost. 

In order to function in a manner 
conducive to the greatest economy, the 
elevated storage designed to be avail- 
able above the normal gradient would 
be refilled either by means of booster 
pumps or by raising the entire system 
pressure only during a relatively short 
period of filling at night. The tank 
would remain shut off until the equal- 
izing storage is required. It should 
then be supplied to the system by 
means of a pressure-reducing valve 
which would supply water only as the 
demand made necessary. Sucha means 


of operation would require a different 
method of controlling the tank than 
the ordinary altitude valve provides. 
The most efficient operation would be 
by remote control, which might not be 


mis 
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economically feasible. A timing device 
in conjunction with a pressure reduce. 
ing valve might, however, be satis. 
factory. 

The entire job of serving the water 
pressure requirements in a large com. 
munity calls for centralized control, 
Such a center should have pressure 
indications from critical points in the 
distribution system, as well as the ele- 
vations of water in all storage tanks 
and reservoirs, and should also be in- 
formed of the pumping rates at all 
pumping stations. At such a center, 
controls could be provided for placing 
on the line the storage from anv ele- 
vated tank when it is most needed and 
for conserving it at other times. 


Conclusions 


1. The problem of the determination 
of economical main sizes, storage and 
pumping facilities is amenable to 
analysis. 

2. The losses of head in the eco- 
nomical main sizes do not result in 
unreasonably high pumping pressures 
in systems in flat terrain. 

3. The value placed on money for 
capital investments has an important 
bearing on the economical diameter 
and on the total investment required. 
The effect of different assumed interest 
rates is so great that engineers should 
concern themselves with the basic fac- 
tors influencing the choice of an inter- 
est rate for economic studies and 
should develop a rational method for 
selecting that rate. 

4. It cannot be categorically stated 
that elevated storage for equalizing 
purposes to reduce main and pumping 
station costs in systems in flat terrain 
can be justified. Such justification 
depends upon the length of the system, 
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in addition to the other variables in 
the problem. 

5. The design of pumping facilities 
for a system with economical mains 
and without elevated storage presents 
some problems which should stimu- 
late pump designers to improve the 
flexibility and range of operation of 
centrifugal pumps. 

6. A reduction in the cost of pump- 
ing facilities, such as might be possible 
by the use of outdoor pumping units 
and substations, will minimize the 
amount of elevated storage which can 
be justified for equalizing purposes. 

7. The usual method of operation of 
systems, in which elevated storage 
floats on the line, is wasteful of energy. 
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N recent years there have been sev- 

eral very prominent trends in rapid 
sand filtration practice: the use of 
coarser sand; the improvement of co- 
agulating processes and facilities; and 
the use of reduced settling times, to- 
gether with improved inlet and outlet 
design. These trends, properly coor- 
dinated, can do much to decrease plant 
construction cost, increase capacity and 
produce better water. Sometimes, 
however, not enough thought is given 
to the relationships between the qual- 
ity of water applied to the filter and its 
design and function. These relation- 
ships are particularly critical in the 
recently developed high-rate treatment 
plants and in some older plants that 
are overloaded. 

It is the purpose of this paper to 
outline a rational theory covering the 
functioning of the rapid sand filter. 
Certain ideas resulting from this the- 
ory make possible a more concrete 
comparison of the results at various 
plants. Using the theory, one can 
more clearly understand some of the 
difficulties encountered and the limita- 
tions that exist in filtration plant de- 
sign and operation. The theory is 
presented in its simplest form so that 
it may be easily employed. 


Rapid Sand Filter Runs 


One may assume a rapid sand filter 


of unit area having a depth / of filter 
= OF § 


Mk 
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The rate of filtration 
be denoted by Q, the volume of water 
filtered per unit of area per unit of 


medium. 


may 


time. Other relevant symbols may 
be identified as: 


c¢ —the concentration of suspended 
matter in the applied water, ex- 
pressed in weight per volume of 
water 

l,—the depth to which suspended 
matter penetrates into the filter 

h —the loss of head through the filter 
medium 

h,—the increased loss in head, caused 
by filter clogging 

p —the ratio of void space to the vol- 
ume of the filter medium 

d —the density of the suspended mat- 
ter in the water 

T—time 

m—the ‘‘effective size’’ of the par- 
ticles in the filter medium 

v —the velocity of flow 


In a sand filter at ordinary flow 
rates: 
= KQl 
in which K is a constant. The vol- 


ume available for the retention of 
suspended matter per unit of filter 
area will be /,p. The volume of 
suspended matter applied to the filter 


the proportion of the available reten- 
tion volume filled by suspended mat- 
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in me T willthen be 71 
sr in time 7 will then be ——. le 
ter 1 
space occupied by this volume will 
not permit the passage of water, and 


the flow Q will have to pass through 


a restricted cross section of area 

1— , da . The rate of flow through 
dlp 


the unclogged area will therefore be 
equivalent in velocity to a higher rate 
of flow through a clean filter: 
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of the suspended matter, to a maximum 
of 1.3, according to actual measure- 
ments (1). Hence d may be consid- 
ered as a constant without introducing 
any large error. 

As a rule, the suspended matter 
concentration c in the applied water is 
uniform, and, of course, p is very 
nearly constant for clean sand. The 
rate of filtration Q is kept constant 
mechanically in municipal practice. 

The value of the constant K is deter- 
mined from the initial loss of head. 
This constant is the reciprocal of the 


dl\p coefficient of permeability. 
2.0 
= 1.5 A B 
c 
§ 
= = 10F a 
2 
0 4 8 12 16 20 ==> i?) 2 4 6 8 10 
Time From Start of Run—hr. ' Loss of Head —ft. : 
: Fic. 1. Filter Run Data > Fic. 2. Penetration of Floc 
t 


The loss of head through the clogged 
portion of the filter will be: 


KQi, 
dhp 


The total loss of head through the 
filter bed will be: 

OTc 

In practice the density d_ varies 
somewhat during’ the filter run. The 
density of the suspended matter ap- 
plied to the filter is usually close to 
unity. During the filter run this value 
may rise, because of the compression 


1 


This discussion leaves one principal 
unknown, /,, the depth of penetration 
of the suspended matter into the filter. 
This value may vary throughout the 
filter run, and its behavior must be 
established experimentally, either by 
calculation from loss-of-head data or 
by measurement of the floc penetration. 

The process of sand filtration has 
been carefully described by Baylis (2). 
The theory set forth in the present 
article has been conceived in accord- 
ance with his description. 

Eliassen carried on valuable experi- 
ments along the same line at Provi- 
dence, R.I., and some of his data have 
been published (3). They clearly re- 
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veal the increasing penetration of floc 
into the filter medium as the run pro- 


gresses. Similar observations have 
been reported by Georgia (4). 
Calculations of floc penetration 


depths from loss of head data for three 
characteristic filter run curves have 
been made. The filter run curves are 
shown in Fig. 1 and the penetration 
data in Fig. 2. Curves A are for rela- 
tively weak floc, B for more nearly 
adequate floc strength and C for strong 
floc. 

The reasoning given above and the 
curves shown lead to two generaliza- 
tions: (1) A straight-line filter run 
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dient. The strength of the particle 
may be expected to be a function of 
the largest size of pore it will block. 

Pore size in a filter medium of par- 
ticulate material is closely related to 
the diameter of the particles. For 
media of similar porosity, containing 
similarly shaped particles, the study 
can be confined to the effect of particle 
size alone. The analysis can readily 
be extended to include the effects of 
porosity and particle shape by the 
method of Fair and Hatch (5). 

A study of published data (6) in- 
dicates a clear-cut relationship between 
the particle size and the loss of head 


TABLE 1 bal 

a>) Strength Indexes 
Filter Effective Size of Sand Bed Depth Loss of Head hm’ 

No. mm. 1 

1 0.515 2 2.06 0.14 

2 0.307 10+ 0.144 
0.568 1.91 0.18 
0.400 10+(?) 0.26 
a 0.422 2 6.15 0.23 
6 0.430 “ 1.5 4.15 0.22 
0.490 2° 2.94 0.17 


* Estimate. 


curve is indicative of increasing pene- 
tration of floc into the filter medium. 
If continued long enough, floc may 
appear in the filtrate. (2) A filter 
run curve having a marked upward 
curvature is indicative of limited pene- 
tration of coagulated matter into the 


filter medium. This is the normal 
condition. 

Floc Strength Index 


A particle of floc bridging a pore in 
a filter has to withstand the pressure 
of the water flowing through the filter. 
The pressure on the particle will be 
indicated by the filter hydraulic gra- 


at which the floc passes through the 
filter bed. The data on which this 
relationship is based are for filter 
media of relatively rounded sand of 
different effective sizes, operated 
parallel, so that all received water con- 
taining floc of equal strength. These 
data indicate that, for a given water, 
hm* 
l 
of head at which the floc begins to 
pass through a bed of depth J. This 
constant may be called the floc strength 
index. 

Table 1 shows the calculated floc 
strength indexes for a series of glass 


-is a constant when /i is the loss 
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tube filters operated in parallel during 
a period of weak coagulation (6). No 
floc passed through filters No. 2 and 4 
during most of these tests, so the data 
for these units are unreliable. Fair 
agreement was obtained for the floc 
strength indexes of the others. 

Table 2 shows the floc strength in- 
dexes for four filters containing uni- 
form sands, operated during another 
period of weak flocculation. Results 
for filter No. 1 do not compare well 
with those for the other three units, 
probably because some of the pores 
through the former unit were larger 
than the floc particles. 

Similar data were collected for a 
set of four filters containing sand of 
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floc penetration is relatively small— 
less than 2 in. These values indicate 
a floc strength index of the order of 
5.0 or more. 

Certain interesting comparisons can 
be made on the basis of this analysis. 
For example, three filter beds having 
sand sizes as given below would have 
to have very different pretreatments to 
produce water of equal quality. The 
necessary floc strength indexes to ob- 
tain clear water at an 8-ft. loss of head, 
with a 2-ft. bed depth, are: 0.256 for 
an effective sand size of 0.4 mm.; 0.50 
for a sand size of 0.5 mm.; and 1.10 
for a sand size of 0.65 mm. 

When the floc is so weak that it is 
difficult to produce clear water by fil- 


eh TABLE 2 ‘he. a! 
Filte’ Effective Size Bed Depth Loss of Head hm? 
No. mm. tt. ft 1 

1 2.39 3.0 0.17 1.14 
2 1.74 20 0.75 1.99 owt 
3 1.0 4.1 2.05 
4 0.85 2.0 — 7.1 2.17 J 


an identical size but of various depths, 
operated at the same rates. No floc 
passed through the two deepest units, 
as shown in Table 3. 

The tables have oversimplified the 
true picture somewhat, for, in actual 
practice, few filters are composed of 
uniform materials. The penetration of 
the floc through the top few inches of 
the filter brings it in contact with 
coarser material that allows easier 
passage. 

Most of the floc strength indexes 
calculated are for very weak floccula- 
tion, since they are based on the actual 
passage of the floc through the filter. 
Ordinarily, at an 8-ft. loss of head, the 


tration, there are two ways out: either 
to terminate the filter runs at a lower 
head loss or to strengthen the floc. 
The former is the usual resort. but 
data obtained by Baylis (7) indicate 
that silica treatment increased the floc 
strength index at least sixfold. For 
the sand sizes listed above this would 
have enabled the coarsest to perform 
as well as the finest. 


Diatomite Filters 


The principles outlined in this paper 
may be applied to diatomite filters as 
well as to sand filters. To a limited 
extent, this is borne out in some war- 
time work in which the author was 
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involved (8). The chief differences 
between diatomite and sand filtrations 
lie in the particle size and bed thick- 
ness. Diatomite filter beds may be of 
the order of 0.1 in. in thickness. The 
diatomite particles are very fine: the 
permeability of a filter of the coarsest 
diatomaceous silica is approximately 
one-hundredth that of a filter of 
0.5-mm. sand. On this basis, the dia- 
tomite particles have diameters (calcu- 
lated as equivalent spheres) of approxi- 
mately 0.05 mm. More generally 
available diatomite has an equivalent 
particle diameter of 0.025 mm. 


TABLE 
m Effect of Bed Depth on Passage of Floc* 


Bed 


Filter Depth Loss of Head hm 
No. ft. ft. l 
1 3 9+ 0.38+ 
2 2 9+ 0.56+ 
3 1 8.6 1.08 
4 0.5 4.2 1.05 


* Sand size 0.5 mm. 


thet. Sheer 


shown 
runs vary approximately with the sec- 


(2) has 


ond power of the particle size. Dia- 
tomite filters operated like sand filters 
should therefore be expected to give 
filter runs about one-hundredth as 
long as sand filters. This is overcome 
by: (1) the operation of the diatomite 
filters at greater head losses; (2) bet- 
ter pretreatment of the water to reduce 
the clogging rate; and (3) the use of 
continuous diatomite slurry feed to re- 
duce the clogging rate. 

One of the principal advantages of 
the diatomite filter over the sand filter 
is its ability to prevent the passage of 
flocculated matter. conventional 
sand filter 2 ft. thick and containing 
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0.5-mm. sand will pass floc at an 8-ft 
loss of head when the floc strength 
index falls below 0.25; however, a beg 
of 0.05-mm. diatomite 0.1 in. thick 
would not permit the passage of such 
floc until the loss of head reached 16 ft 

At times when weak flocculation 
endangers the quality of the filter ef. 
fluent, filter runs are usually long 
The threat to water quality may be 
overcome by using (1) thicker diato- 
mite beds, (2) continuous slurry feed 
or (3) finer diatomite. 


Acknowledgments 

The author acquired the basic ex. 
perience in the light of which this 
paper has been written under John R. 
Baylis, Engineer of Water Purifica- 
tion, Chicago. Max Suter of the Illi- 
nois State Water Survey Div. re 
viewed the article and made construc- 


= 
References 


1. Bays, J. R. Filter Bed Troubles an 
Their Elimination. J.N.E.W.W.A., 51 
1 (1937). 

?, __——. Experiences in Filtration. Jour 
AW .W.A., 29:1010 (1937). 

3. Camp, THomas R. Discussion of Prog- 
ress Report of Committee on Filtering 
Materials. Proc. A.S.C.E., 63:76 
(April 1937). 


4. Greorcta, F. R. Some Observations on 


Filters. Jour. A.W.W.A.,  34:105 
(1942). 
5. Farr, G. M. & Hatcn, L. P. Funda 


mental Factors Governing the Stream- 
line Flow of Water Through Sand. 
Jour. A.W.W.A., 25:1551 (1933). 

6. Hupson, H. E. Jr. Filter Materials 
Filter Runs and Water Quality. Jour 
A.W.W.A., 30:1992 (1938). 


7. Bayuis, J. R. Silicates as Aids to Co 
agulation. Jour. A.W.W.A., 29:135 
(1937). 


8. Report 938. The Engineer Board, Ft 
Belvoir, Va. 


872 = 
Ca 
an 
ar 
: We 
vo 
ris 
th 
so 
th 
gr 
th 
du 
bu 
mi 

ve 
be 
al 
su 
qu 
su 
Al 
fa 
th 
TI 


HE water problems of Cakfornia 

date from its early history. Be- 
cause of the complex gridwork of earth 
and cross faults which created the 
many basins and river systems of the 
area, the intermittent, scanty rainfall 
was stored in vast underground reser- 
voirs, over the lips of which flowed 
rising streams. The first diversions of 
these streams took place about 1775. 
Some 40 years later small rubble ma- 
sonry dams were built in canyons cut 
through alluvial material to raise the 
ground water level and obtain water 
power for grist mills. Ground water 
thus salvaged and controlled was con- 
ducted in ditches, some lined with 
burned clay tile, to farm lands several 
miles from the source. 

After the Mexican War water de- 
velopment became more rapid. Earth 
canals, nearly all of which have since 
been lined with cement, were built 
along the foothill and valley land. The 
surface water thus diverted was inade- 
quate in quantity and regularity for 
sustained agricultural development. 
About 75 years ago it was found that 
tunnels could be driven through the 
fault zones generally defining the 
mountain faces and the boundaries of 
the major underground water basins. 
These tunnels usually passed through 
somewhat shattered granite to tap the 
water stored in the base of the moun- 
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tains and to reach bedrock in the bot- 
tom of gravel-filled mountain canyons. 
Several submerged dams of cement 
concrete were built to salvage this 
high-elevation ground water. The 
shattered nature of the bedrock made 
many such structures uneconomical, 
and much valuable water passed on 
underground. Some tunnels were 
driven through 14-3 ft. of nearly ver- 
tical seams of clay gouge or “slickens” 
in alluvial conglomerate, along which 
vertical and lateral movement up to 
1,200 ft. is indicated. Such tunnels 
have tapped ground water over 30 ft. 
below the surface and were quite pro- 
ductive until the lowering of the water 
table in the basin drained the water 
stored there. 

With increased urban and agricul- 
tural development, most of the readily 
available surface and rising under- 
ground water was put to use; wells 
were drilled and pumps were installed 
to divert the slow travel oceanward of 
stored underground water. In stra- 
tegic locations flowing artesian wells 
were sunk, some developing pressure 
heads up to 40 ft. A few such wells 
are still flowing, but most basins in 
the southern California area are over- 
drawn. This has resulted in a leveling 
off of the water table, with persistent 
depression cones around zones of heavy 
pumping; and underflow actually in 
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reverse of surface drainage has some- 
times occurred. Overdrawn ground 
water basins are inexorably pulling 
salt water through gravel strata in the 
Continental Shelf toward the deep 
alluvium-filled basins which are the 
sole present source of water supply for 
about a million people. 


Santa Ana River 


The Santa Ana River is the prin- 
cipal stream on the coastal plain of 


Fic. 1. Special Injector Driving Point 


southern California. | Approximately 
90 per cent of its average annual yield 


of 270,000 acre-ft., including percola- 


tion from rainfall, is utilized (1). The 
watershed which furnishes water to the 
coastal plain comprises some 1,400 
square miles of steep mountain and 
sloping inland basin floors. Storm 
water from this area is slowed down 
by the Prado Flood Control Reservoir, 


and rising surface water passes the dam 


throughout the year and is diverted by 
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the Anaheim Union Water Co. and the 
Santa Ana Valley Irrigation Co. Be- 
low the earthwork intake dam of the 
latter company, a rank growth of tules 
and other water-loving vegetation, coy- 
ering some 10 acres of river bottom 
land, has existed for more than 70 
years, indicating a very substantial loss 
of water by seepage beneath and around 
the dam. Wells below the dam have 
been recovering some of this water, 
but much was definitely lost, partly as 
a result of transpiration by this useless 
plant life. 

Various means of salvaging the loss 
have been proposed and discarded. 
Because of flood hazards and previous 
losses by the company and others in 
the narrow canyon bottom, it did not 
appear wise to drill more wells in the 
vicinity of the intake. The use of 
bentonite clay, cement grout, salt-sili- 
cate treatment (2) and plastics (3) 
was considered but all of these were 
found to be unsuitable for the condi- 
tions encountered. 

An unprecedented flood in March 
1938 swept out the earth diversion dam 
of the Santa Ana Valley Irrigation Co., 
and in two hours a sudden peak flow 
of approximately 100,000 cfs. removed 
a clay and gravel deposit more than 20 
ft. deep from a sandstone reef just 
upstream from the dam. Geologists 
have determined this older, now prac- 
tically dry, formation to be the To- 
panga Formation of the Miocene Age 
(4). The sandstone and shale bed- 
rock, which stands vertically because of 
the heavily faulted condition of the 
area, probably is lower Eocene and 
is much older. Recent unconsolidated 
alluvium lies on top of the sandstone 
bedrock for a distance of nearly 3,000 
ft. across the bed of the canyon. Well 
logs indicate an average depth of ap- 
proximately 50 ft., although the maxt- 
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mum depth at the dam is about 30 ft. 
It is from this alluvial material that 
recoverable water is derived. 

In December 1945 the Shellperm 
process of impermeabilizing formations 
against the underground flow of water 
by the injection of a special asphalt 
emulsion was called to the attention of 
a California statewide water council 
at Sacramento. Preliminary study 
showed that this process held potenti- 
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Closure 
3.22 ft. theoretical at 
20 gal./ft., vertical 


from the application viewpoint. As a 
result, equipment and materials were 
assembled and the injection work was © 
undertaken in September 1947. 

In passing, it is of interest to note 
that the expectations of successfully 
applying the Shellperm process were 
strengthened not only by evidence of 
considerable use of the process abroad 
in connection with water shutoff prob- 
lems of various kinds, but also by a 


—— First Line 
2.3 ft. theoretical at 
10 gal./ft., vertical 


3 


Fic. 2 


interest to the water com- 
panies in the Santa Ana region for the 
recovery of wasted water and the re- 
duction of pumping costs in the coastal 
basin and narrow canyon below the 
canal intake just described. 
Accordingly, a preliminary investi- 
gation of the dam site was made in 
May 1947, which determined that the 
material to be encountered and the 


alities of 


depth to bedrock were quite favorable 


Expected Distribution 
——— of Closing Injection 


Injection Scheme at Intake Dam 


- ft. center to center 


local observation that, at several points 
on top of the sandstone reef near the 
dam, gravel from old watercourses was 
cemented to the bedrock by ancient 
seeps of petroleum. This hard, dry 
material had formed an impervious 
conglomerate which withstood the flood 
peak and helped divert the storm water 
back into the normal river channel. 
The results of the application of the 
Shellperm process were most gratify- ‘ 
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ing. As in all development work (this 
was the first application of the process 
in America) numerous problems were 
encountered, but a satisfactory shutoff 
of water formerly passing through the 
gravels under the dam was accom- 
plished. This paper will present the 
principles of the process, the method 
of its application in the Santa Ana 
Valley, the results achieved in terms 
of water saved (as estimated from 
hydrologic studies) and a brief outline 
other applications. 


Original Underflow Lines 7 
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for Upper Aquifer 
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underground sands in bodies of con- 
trolled form and location, and of a 
consistency somewhat approaching that 
of the asphaltic binder in a city pave- 
ment. 

Unless expensive heating methods 
are used, asphalt cannot be injected 
into sand in the form of paving grade; 
it is also difficult to inject it in the 
form of road oil or cutback, both of 
which, moreover, are likely to have too 
unstable a structure to resist viscous 


displacement from the sand _ pores. 
a’ 


Old Island 


Chemical Basis of Process 


Most civil engineers are familiar 
with the use of asphalts in road work 
—in the form of paving grades applied 
hot, of cutbacks and road oils applied 
at moderate temperatures and of emul- 
sions applied cold. The base material 
is the high-molecular-weight hydrocar- 
bon residue from the distillation of 
petroleum and is of very complex and 
as yet undetermined molecular struc- 
— ture. The principle of the Shellperm 

technique * is to get this material into 


* Process patented. 


Plan of Dam and Observation Wells 


Thus, although very light specially 
treated oils may sometimes be used in 
denser soils, in generai the success of 
the process has been due to the use 
of emulsions. 

An emulsion of this nature consists 
of fine particles of asphalt suspended 
in water in a- colloidal condition. 
There are several differences between 
the Shellperm emulsions and normal 
road and industrial types. Usually the 
particle size in the former is much 
Furthermore, road emulsions 
are designed to break or coagulate 
upon the evaporation of the aqueous 
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phase, but the Shellperm emulsions, 
not being exposed to air, must be co- 
agulated by special chemicals. At the 
same time they must be _ protected 
against surface break at contact with 
‘the soil by means of special stabilizers. 

Asphaltic emulsions are often formed 
by shearing the asphalt under high 
stress in a colloid mill, in the presence 
of water containing surface-active polar 


First Section 
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“breaker,” the surface film and the 
water. This breaker is mixed with the 
emulsion before injection, obviating the 
nuisance of a two-fluid injection. 

Essentially, then, the process in- 
volves the injection of a fine-grained 
emulsion of low viscosity (approach- 
ing that of water) into sand, using a 
chemical means of controlled coagula- 
tion in the absence of air. The rate 


Second Section 


Sept. 15-Oct. 2, 1947 


Oct. 30—Nov. 7, 1947 


Preliminary Injection 


Oct. 3-30, 1947 Nov. 7-17, 1947 
Closing Injection 


Clay 


T 


Elevation -ft. 


End of Work 
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ents which form a protective film 
round each particle, preventing it 
rom coagulation with its neighbors. 
nthe Shellperm process, the emulsion 
s coagulated in part by the removal 
f this film by the surface action of 
ve sand particles as the emulsion 
asses through, and in part by the 
action between a coagulant or 


Traverse —ft. 


Profile ot Dam and Shellperm Barrier wie “ 


of coagulation is part of the art of 
application; if too rapid, insufficient 
emulsion will be injected at a given 
point before the pumping resistance 
becomes too great; if too slow, the 
emulsion may be seriously displaced 
by underground flow, where present. 

While the method plasticizes the 
sand and adds considerable cohesion, 
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it is not intended in the usual form as 
-a mechanical solidifier, but only as a 
hydraulic barrier. 


Injection Technique 


The emulsion is injected under pres- 
sure through a driven pipe with a spe- 
cial point, shown in Fig. 1. This point 
serves as a driving shoe; when the 
base of the formation to be treated is 
reached, a slight retraction of the pipe 
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opens the point ready for injection. 
As the injection proceeds, the pipe is 
retracted by stages. A given amount 
of emulsion is injected per foot of with- 
drawal of the pipe, the amount being 
determined by the voids in the soil 
and the diameter of the column to be 
formed. The completed barrier thus 
consists of abutting columns. It is 
often found advantageous to inject the 


barrier in alternating columns, the first 
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Earth Diversion Dam 


line assisting to control the distriby. 
tion of the emulsion in the second or 
closing line, and also functioning ag 
an exploration survey, which enables 
very close forecasts to be made of the 
progress and cost of the job when jt 
is not more than half completed. 

The scheme of injection employed 
on the Santa Ana Valley Irrigation 
Co. work is shown in Fig. 2. The 
second line of injection was placed 
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somewhat upstream to counteract the itregu 
influence of the current, which Wai ected 
measured at one point as more that compa 
30 ft. per day on a gradient of 1 Pheconc 
cent, with original gradients of up t} The 
4+ per cent or more across the barrie\iqere, 
site under portions of the dam. 
The formations encountered, and t 

order and dates of injection, are show 
in Fig. 3 and 4. The work was d 
vided into two sections, so that t 
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ib jresults of the two shutoffs could be 
d or | observed separately. These sections 
5 a also coincide with incidents in the his- 


ables 


thy 
t| C 
n it 


tory of the dam. The first section 
-overs the deep channel washed out in 
the flood of 1938; the second is an 
older formation. The dam was rebuilt 

in 1938 while water was still flowing 
ation cough the channel, and part of the 
The clay fill was dumped into the water. 
laced The effect of this is evident in the 


lo 
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ct the irregularities in the summit of the in- 


ae stratum in the first section, as 


compared with the smooth line in the 


1 Pehecond. 


up “The ground conditions we be con- 
arriekidered somewhat difficult for pipe 

lriving, because of the presence of 
nd t 


joulders, roots, logs and stumps. The 
shoW#ffect of these was to deflect the pipes 
as “father than to delay the rate of pene- 
at Mration, although the maximum deflec- 


UNDERGROUND LEAKAGE 


899 


tion required the injection of only a 
4-ft. column in the second line instead 
of the normal 3-ft. diameter, for closure. 

The precise placement of pipes car- 
ries a premium in materials, because 
the additional quantities required for 
oversize intervals are greater than the 
decreases in quantity for correspc 
undersize intervals. Normally the 23- 
in.-od. pipes were driven to depths of 
up to 32 ft. in 15-20 minutes. The 


Blending and Pumping Units 


injection rate at points exceeded 300 
gph., with an average of approximately 


200 gph. over a working day. 

The crew that was found most ef- 
ficient for speed consisted of a chemi- 
cal engineer and assistant, and a senior 
technician and assistant. The work 
could actually be done by the two 
senior men alone but at a considerably 
slower rate. The size of the crew de- 
pends upon the number of injection 
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units; the supervisory overhead and 
total unit cost will diminish as addi- 
tional units are added. The general 
supervision and civil engineering ac- 
tivities, including surveying and the 
gathering of hydraulic data, were car- 
ried out by one, and sometimes both, 
of the authors. This developmental 
operation naturally required more su- 
pervision than should future jobs. 

Figure 5 shows the point of diver- 
sion, looking upstream. The dam, 
which is a levee parallel with the river, 
is shown on the far bank, with the 
Shellperm injection equipment on the 
near bank of the stream. The spillway 
(on the far bank at the left) cares for 
flood waters, returning them to the 
original river channel; this channel 
also intercepted the seepage flow under 
the dam, which sank into the sand 
about 800 ft. below the dam. Figure 
6 is a close-up view of the supply and 
trailer-mounted blending and pumping 
units of the injection equipment, and 
Fig. 7 shows the pipe-driving and 
injection operations on the dam, with 
an emulsion-filled drill hole visible in 
the foreground. 

The equipment was assembled from 
available units, and certain improve- 
ments—in portability, for example— 


Results 

The scope of the work in Santa Ana 
Canyon is indicated by the statistics 
in Table 1. The usual average pres- 
sure ran between 20 and 30 psi. at 
the head of the injection pipe. 

It became fairly evident during the 
job that underground waters were 
stratified by relatively impermeable 
layers of  river-deposited material, 
which converged toward the lower 
gaging station, and that the observed 
regression of the stream originally 
flowing below the dam was due to the 


L. E. BLAKELEY & V. A. ENDERSBY 


Jour. AWW4 


upper series losing support by the cut. 
ting off of water from the lower flow. 

It was found that the Shellperm bar. 
rier in some places did not reach the 
maximum water level. Thus, at high 
water levels which occurred toward 
the end of the operation, some flow of 
water continued over the barrier. The 
major part of this was traced to 
location at about the center of the first 
section. Approximate calculations in. 
dicated that the untreated area below 
the late October water table was quite 
small. As the equipment had _ beep 


Injection Operations 


removed before the surveys were fin-} 
ished, no attempt was made at the time! 
to complete this area, the water saving 
already being much in excess of what 
had been anticipated. In fact, obser- 
vations made on February 3, 1948 
when the flow was compared with sim: 
lar conditions in 1947, indicated a shut 
off of about 1.0 acre-ft., based on sur 
face runoff at a point 800 ft. below 
the dam. Because of the rising wate 
table and the increase in flow fro 

winter rains, together with the relea 

of water by other users upstream, 

more accurate estimate of the savin 
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in water cannot be obtained until Oc-  forated test pipes, using a salt solution 
e cut-| tober 1948. introduced into the upstream pipe. In 
flow, Underflow Tests these tests it was impossible to pick up 
1 bar- neer any indication of salt in the lower holes 
h the A number of tests to determine the — either before or after the installation of 
high| velocity of underflow were run to check the asphalt barrier. It is likely, how- 
ward) the theoretical calculations, which were — ever, that the installation of test pipes 
yw of| based on ground water elevations. with full-length perforations, in a 
The| Fluorescein dye was used both in shal- quarter-circle arc a few feet down- 
to a| low surface pits and in perforated test | stream from a larger pipe in which salt 
» firs} pipes, which were driven to bedrock — solution could be injected at different 
is in.| near the deepest part of the dam. The levels, would permit the interception 
heloy| most outstanding information gained of the narrow slugs of salt-treated 
| from these tests was that the slugs of water. It would be possible to extend 
quite 8 I 
heen} dyed ground water traveled down- the underflow test method developed 
TABLE 1 
Data on Santa Ana Job 
Amount 
why Unit 
Estimated Actual 
Area shut off sq.ft. 4,858 4,894 
Emulsion used tons 52.2 75 
injected gal. 25,000 32,400 
¢ Construction time months 13 13 
Water saved acre-ft. perday, 0.3-0.4 0.66 + 
| stream in very narrow bands, probably on the Santa Ana Valley Irrigation 
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influenced by laminar flow conditions 
in the gravels. This phenomenon de- 
serves more research than was possible 
on the job, in view of the apparent 
lack of blending of the underground 
waters. The velocity of dye travel in 
the deepest part of the gravel was 
found to be 31 ft. per day, as com- 
pared with 12-15 ft. in different loca- 
tions in surface pits. After the com- 
pletion of the job, the dye test was 
repeated in March 1948 at observation 
well No. 9. No dye was picked up at 
pit No. 3 and the contiguous trench 
below the barrier, although ground 
water was then standing more than a 
foot above the top of the barrier. 

A number of tests were run with a 
special conductivity cell in the per- 


Co. job to determine the effectiveness 
of the barrier over a period of years. 
Such tests in a long basin shutoff wall 
would be a matter of economic concern 
where. the initial treatment is limited to 
the thinnest possible treated barrier 
rather than a zone treatment, and 
where there is a threat of the intrusion 
of ocean or other nonpotable water 
into the protected basin (5). 


Other Applications 
The Shellperm method, employed in 
this job for the first time in the United 
States, has been applied in a_ wide 
variety of large and small projects 
abroad (6). These include installa- 
tions in England, Holland, France, 
Germany, Belgium, Switzerland, Por- 


ole 
1m, 
avi 


tugal and Egypt. Outstanding among 
these was the application of Shellperm 
to shut off water during the construc- 
tion of extensions of the great Nile 
River dams at Assiut and Esna in 
Egypt, where 653 and 478 tons, re- 
spectively, of the special asphalt emul- 
sion were used. Of particular interest 
to water works engineers is a smaller 
job at Liége, Belgium, where Shell- 
perm is successfully keeping contami- 
nated ground water from infiltrating 
into a potable water line. The ex- 
panded use of the process may be 
anticipated wherever it offers economic 
advantages over other construction 
methods. 

Fundamentally, it appears that any 
saturated material from which water 
can be extracted by normal wells or 
pumping methods will yield to the 
injection of emulsified asphalt by the 
Shellperm technique. The process op- 
erates in the range between fine. rela- 
tively impermeable soils and coarse, 
open-textured gravels of the type into 
which cement can be injected. Its 
range can be extended somewhat in 
the latter direction by adding small 
amounts of cement, or mineral fillers 
such as clay. Many construction prob- 
lems in which ground water difficulties 
cause high expense may economically 
be solved by impermeabilizing the 
worst of the adjacent formations. 
Other jobs may require a complete 
shut off of ground water. Thus, known 
leakage through sheet piling can be 
stopped, and under some conditions 
the need for such construction can be 
eliminated. It appears feasible to treat 
both vertical and horizontal zones by 
the proper spacing of drill holes and 
control of the injection process. When 
an economic need has been determined 
for deep shutoff walls, such as may be 
necessary to prevent the further infil- 
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tration of salt water into gravel-filled | 


basins along the ocean or inland lakes, 
it appears entirely feasible to develop 
the necessary equipment to make the 
injection. Percolation into ground 
water basins from canals or water- 
ways and reservoirs can similarly be 
controlled. Among other applications, 
present or potential, may be mentioned 
the prevention of seepage into under- 
ground openings, such as underpasses 
and tunnels; the stopping of leaks in 
concrete dams and reservoirs; and 
the formation of underground storage 
basins by placing cutoff walls across 
canyons. Of course, each job has its 
particular problems and must. stand 
on its own economic merits. 

It is evident from this discussion 
that the impermeabilization of water- 
bearing gravels by the controlled in- 
jection of emulsified asphalt is one of 
the most important developments in 
the long history of attempts to regulate 
the flow of underground waters. — 


é 
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_ Collected Standard Specifications for Service | 
Line Materials 3 


Committee Report 


These current specifications for certain types of service line materials are 
consolidated as a report from A.W .W.A. Subcommittee 7S—Service Line Mate- 
rials. They are assembled for the purpose of making them easily available to 
the membership of the Associatton. These specifications are based upon the 
best known experience and the materials listed are intended for use under nor- 
mal conditions. They are not designed for unqualified use under all conditions. 
The advisability of the use of the materials herein specified for any installation 
must be reviewed by the engineer responsible for selection of the material to be 
used in the particular locality concerned. Neither the Association nor its com- 
mittee expresses preference for any material listed. These are not official speci- 


fications of the AW .W.A.; 
is given or implied 
tion documents. 
Comments should be 
mittee 7S—Service Line 


Foreword 


These specifications have been as- 
sembled for the use of water depart- 
ments in the purchase of the various 
service line materials. There is no 
recommendation given or implied con- 
cerning which material should be used. 
The selection of materials depends 
upon local soil conditions and the na- 
ture of the water supply. When a 
study of these factors indicates the 
preferential employment of a certain 


| material, however, the particular speci- 


fications applicable are intended to be 
used in order to insure the delivery 
of a proper standard product. 

It was not deemed feasible or expe- 
dient to formulate new specifications, 
since the various technical and trade 
associations have set up certain stand- 


they must not be referred to as such; and no authority 
which would permit their use as official AW .W.A. specifica- 


addressed to Walter 
Materials, City Hall, Racine, Wis. 
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A. Peirce, Chairman, Subcom- 


ards which apply. These standards are 
now brought together for the con- 
venience of A.W.W.A._ members. 
Published standards of the American 
Society for Testing Materials and the 
American Standards Assn., Federal 
Standard Stock Catalog specifications, 
data supplied by the Lead Industries 
Assn. and the Copper and Brass Re- 
search Assn., as well as certain in- 
dividual manufacturers’ publications, 
have been carefully considered. In 
general, reference is made to existing 
standards by number, and such stand- 
ards are to be considered as much a 
part of this document as if included 
in their entirety. Certain tables (or 
parts thereof) are included in this 
document for convenient reference, 
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Sec. 1.1—Definitions 
1.1.1. Service line is that line of 
pipe or tubing connected to the water 
main and leading to the customer’s 
meter for the purpose of supplying 


Sec, 2.1—Scope 

These specifications cover seamless 
tubes especially designed for under- 
ground water services. Such material 
is designated as “Type K”’ in the in- 
dustry. 


‘Sec. 2.2—Specifications 


This material will be supplied in 
conformance with .\ $.T.M. Specifica- 


Le 
Sec. 3.1—Scope 


These specifications cover seamless 
brass pipe suitable for use in water 
service lines and plumbing. 


Sec. 3.2—Specifications 


This material will be supplied by 
designating pipe which conforms to 


mk Section 4—Cast-Iron 


Sec. 4.1—Scope 


4.1.1. Cast-iron pipe to be used for 
water services, where such material is 


*See A.W.W.A. Standard Specifications 
for Threads for Underground Service Line 
Fittings—7T.1—1948. 


Section 1—General 
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Sec. 1.2—Materials Included. 


Specifications included in this report 
cover the following service line mate. 
rials: 


water to the premises. Copper W ater Tube ...... Dee. 2 

1.1.2. The term materials covers: Brass Pipe 

(1) the metal or other material from Cast-Iron Pipe ....+-.-:. Sec. 4 

which the pipe or tubing is made; (2) Lead Pipe ........-...... Sec, § 

“corporation cocks,” “curb stops” and Wrought-Iron Pipe ........ Sec. 6 

other valves or fittings on the line.* Sec, 7 
Section 2—Copper Water Tube 


tion B88-47, “Type K” if so desig. 
nated. The material may also be 
purchased by designating “Type K” 
under Federal Specifications WwW- 
T-799. 


"Ee = 
Sec. 2.3—Dimensions 


For reference, dimensions derived 
from the above A.S.T.M. specifications 
are listed in Table 1. 


Section 3—Brass Pipe 


A.S.T.M. Specification B43-47 for red 
brass pipe. (Yellow brass pipe is not 
included because the former A.S.T.M. 
standard for it has been withdrawn.) 


Sec. 3.3—Dimensions 


For reference, dimensions derived 
from the above specifications are listed 


in Table 2. 


indicated, is subject to the same sery- 
ice as the adjacent mains and _ there 
fore the specifications should be the 
same. They are the “American Stand- 
ard Specifications for Cast-Iron Pit- 
cast Pipe for Water or Other Liquids 
(A21.2—1939).” 
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TABLE 1 


Standard Dimensions and Weights, and Tolerances in Diameter and Wall Thickness 


P| of Type K Copper Water Tube*t 
mMate- 
Standard Average od. Tolerance Wall Thickness Theoretical 
Water Tube Actual od. im. bets wed 
Sec, ? Size in. 7 a4 per Foo! 
im. 1b. 
sec, 3 Annealed Drawn Nominal Tolerance 
tg: 0.625 0.0025 0.001 0.049 0.004 0.344 
oa 2 0.750 0.0025 0.001 0.049 0.004 0.418 
Sec, 6 ™ 3 0.875 0.003 0.001 0.065 0.0045 0.641 
~ 7 1 1.125 0.0035 0.0015 0.065 0.0045 0.839 
1.375 0.004 0.0015 0.065 0.0045 1.04 
13 1.625 0.0045 0.002 0.072 0.005 1.36 
2 Z.iz3 0.005 0.002 0.083 0.007 2.06 
a 2.625 0.005 0.002 0.095 0.007 2.93 
desig- iw 3.425 0.005 0.002 0.109 0.007 4.00 
0 be! 34 3.625 0.005 0.002 0.120 0.008 5.12 
Ms 4 4.125 0.005 0.002 0.134 0.010 6.51 
e K 5 5.125 0.005 0.002 0.160 0.010 9.67 
WW- 6 6.125 | 0.005 =| 0.002 0.192 0.012 13.9 
iad 
* Extracted from Table II of ‘Standard Specifications for Copper Water Tube (B88-47),"" 1947 Supplement 
to Book of A.S.T.M. Standards, Part I-B—Nonferrous Metals. Am. Soc. for Testing Materials, Philadelphia 
(1947). 

, + For tubes other than round no standard tolerances are established. These tolerances do not apply to con- 
rived! denser and heat-exchanger tubes. All tolerances in this table are plus and minus. ~~ 
ations 

pha 
Standard Dimensions and ‘eights of Red Brass Pipe* 
or red} = : <== 
is not Regular Pipe Extra-Strong Pipe 
TM.| Pipe size od — 
awn.) on. $n. Wall Nominal Wall Nominal 
7 Thickness Weight per Thickness Weight per 
in. Foot lb. in. Foot—lb. 

0.840 0.107 0.934 0.149 

3 1.050 0.114 27 0.157 1.67 
listed 1 1.315 0.126 78 0.182 2.46 
aa 1} 1.660 0.146 2.63 0.194 ca 
ow 1.900 0.150 3.13 0.203 4.10 
— 2.375 0.156 4.12 0.221 5.67 
24 2.875 0.187 5.99 0.280 8.66 a 
3 3.500 0.219 8.56 0.304 11.60 
Serv: 1.000 0.250 11.2 0.321 4.1 
there- ! 4.500 0.250 12.7 0.341 16.9 
e the a 5.562 0.250 15. 0.375 23.2 _ 
‘tand- 6 6.625 | 0.250 | 19.0 | 0.437 | 32.2 

Pit- 

_ * Extracted from Table I of ‘Standard Specifications for Red Brass Pipe, Standard Pipe Sizes (B43-47),” 
QUIGS} 1947 Supplement to Book of A.S.T.M. Standards, Part 1-B—Nonferrous Metals. Am. Soc. for Testing Materiais, 


Philadelphia (1947). 


4.1.2. No specification is included q rABLE 3 
for pipe cast by the centrifugal process. 4 4 Standard Thicknesses and Weights of 
Until the A.W.W.A. has adopted an Cast-Iron Pit-cast Pipe* 
A.S.A. standard specification, it is 
ommended that centrifugally cast pipe weeeeer 
be purchased by reference to Federal in. in. ar: 
a ; er 12-ft, 
Specification WW-P-421. Per Foot | ‘Length 
} 3 0.37 14.2 170 
Sec. 4.2—Specifications 4 0.40 19.2 230 
6 0.43 30.0 360 
Pit-cast cast-iron pipe conforming to 
A.S.A. Specification A21.2—1939 will * Extracted femme Table 3 of the ‘‘American Standard 
Specifications for Cast-Iron Pit-cast Pipe for Wé 
be supplied if so designated. Other Liquids (A21.2 1939). Works 


pressure, 231-ft. head), Class 150 (150-psi. pressure, 
For f x 1i . ; derived 346-ft. head) and Class 200 (200-psi. pressure, 462-ft, 
or reference, dimensions derive head). These weights are for pipe laid without blocks, 


flat-bott t h, with tamped backfill, 
from the above document are listed in $"%. of cover; for other conditions see ibid. Table + 


’ Assn., New York (1939). 

. P ‘ + Weights and dimensions apply to pipe of Class 59 

Sec. 4.3—Dimensions ‘ (50-psi. pressure, 115-ft. head), Class 100 (100-psj, 


tI h includes bell d spi bead. Weigh 
ABLE 4 
Lead Pipe Sizes* 

Nominal | Working | og. Outside” | | 
_- Pressure in. Circum- | — per Foot 

Eastt Westt psi. ference—in. lb. 
3 AA xs 75 0.811 23 0.218 2.00 
AAA 100 0.888 0.256 2.50 
7 } \A Xs 75 0.876 23 0.188 2.00 
AAA XXS 100 1.012 | 345 0.256 3.00 

| 
5 AA Xs 75 1.082 | 33 0.228 3.00 
\AA XXS 100 1.137 335 0.256 3.50 
\A Xs 75 1.212 3H 0.231 3.50 
AAA XXs 100 1.336 43 0.293 4.75 
l AA Xs 75 1.492 43%, 0.246 4.75 
AAA XXS 100 1.596 41 0.298 6.00 
aE AA Xs 75 1.765 52 0.258 6.00 
AAA 100 1.889 513 0.320 7.75 
|  # AA xs 75 2.076 63 0.288 8.00 
oe AAA XXS 100 2.272 7 0.386 11.25 
= 

j A? 13 AA xs 75 2.404 7, 0.327 10.50 
= AAA XXSs 100 2.624 8} 0.437 14.75 
2 AA Xs 75 2.751 8} 0.376 13.75 
AAA XXs 100 3.008 95, 0.504 19.50 


* Extract from Table 1 of ‘‘Lead Pipe, Commercial Standard CS95-41."" Natl. Bur. of Stds., U.S. Dept. of 
Commerce, Washington, D.C. (1941). 

+ Symbols used generally for lead pipe sold in cities east of the Illinois-Indiana line. 

t Symbols used generally for lead pipe sold in cities west of the Illinois-Indiana line. 
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® ‘ Standard Weights and Dimensions of Welded Wrought-Iron Pipe* 
“Extra Strong” “Double Extra Strong” 
2-ft. | Standard Weight" Pipe 
tht Pipe Pipe 
0 id. ia : Weight of Weight of Weight of 
0) | per Inch Foott Foott Foott 
| lb. Ib. 
0.840 14 0.111 0.85 | 0.151 1.09 0.307 1.71 
Works 3 1.050 14 0.115 1.13 0.157 1.47 0.318 2.44 
lass 50 1 1.315 | 114 0.136 1.68 0.183 2.17 0.369 | 3.66 
00-psi 1} 1.660 | 114 0.143 2.28 0.195 3.00 0.393 5.21 
1} 1.900 114 | 0.148. 2.73 0.204 3.63 OAL 641 
blocks, 2 2.375 113 0.158 3.68 0.223 5.02 0.447 9.03 
2} 2.875 0.208 5.82 | 0.282 7.66 0.567 13.70 
ight of 3 3.500 | 8 0.221 7.62 0.306 10.25 0.615 18.58 
34 4.000 8 0.231 9.20 0.325 12.51 0.651 22.85 
4 4.500 8 0.242 10.89 0.344 14.98 0.690 | 27.54 
5 5.563 8 0.263 14.81 0.383 20.78 0.768 38.55 
7 6 6.625 8 0.286 19.19 0.441 28.57 | 0.884 53.16 
tinal * Extracted from Table II of ‘Standard Specifications for Welded Wrought-Iron Pipe (A72-45),"’ 1946 Book 
ight of A.S.1T.M. Standards, Part I-A—Ferrous Metals. Am. Soc. for Testing Materials, Philadelphia (1947). 
Foot + Threaded and with couplings. 
t Plain ends. 
“a Sec. 5.1—Scope A recommended guide to the selection 
i . of the proper classification of lead pipe 
00 A National Bureau of Standards P P ate P 
for various purposes and localities is 
“also included. Lead pipe designed for 
50 analysis, inside and outside diameter, 4 working pressure below 75 psi. is not 
50 weight per foot, defects, certification recommended as advisable for use in 
‘zs | and labeling of one grade of lead pipe. underground service lines. . in 
| TABLE 6 
00 | Hydrostatic Test Pressures for Welded Wrought-Iron Pipe* 
75 “Standard Weight” “Extra Strong” “Double Extra Strong” 
a Pipe Pipe Pipe 
00 
25 ' ae Butt-welded | Lap-welded | Butt-welded | Lap-welded | Butt-welded | Lap-welded 
50 psi. 
7S | | | | 
$ to 1, incl. 700 850 1,000 
75 1} to 3, inel. 800t 1,000 1,100 1,500 1,200t 1,800 
50 3} to 6, incl. 1,200 1,700 2,000 ; 
dept. of * Extracted from Table I of the ‘Standard Specifications for Welded Wrought-Iron Pipe (A72-45),"" 1946 Book 


of A.S.T.M. Standards, Part 1-A—Ferrous Metals. Am. Soc. for Testing Materials, Philadelphia (1947). 
tT Butt-welded pipe is not made in nominal sizes larger than 2 in. 


: t Seamless pipe in these small sizes will probably need to be cold drawn. a 
“) § Butt-welded pipe is not made in sizes larger than 4 in. nominal. ‘Le =! => " 
* © ios ae 
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TABLE 7 
Standard Weights and Dimensions of Welded and Seamless Steel Pipe* 


“Standard Weight" Pipe | 
Nominal od. | Weight of Pipe per | = Pe 
in. No. of Wall wa | ‘Pipe per wan | 
Threads | Thickness Thickness Linear Thickness! Linear 
per Inch in. ECG UST. in. Foott | in. | Foott 
Plaint Threadedt 1b. 
| 0840 | 14 0.109 | 0.85) 085 | 0.147 1.09 0.294 «1.71 
s + | 1.050 14 0.113 1.13 | ‘19 0.154 1.47 0.308 2.44 
1 1.315 113 0.133 1.68 1.68 0.179 2.17 0.358 3.66 
1} 1.660 11} 0.140 2.27 2.28 | 0.191 3.00 | 0.382 5.21 
13 1.900 113 0.145 2.72 2:40 0.200 3.63 0.400 6.41 
“2 2.339 113 0.154 3.65 | 3.68 0.218 5.02 0.436 9.03 
24 2.875 0.203 5.79 | 5.82 | 0.276 7.66 0.552 13.70 
3 3.500 8 0.216 7.58 7.62 0.300 10.25 0.600 18.58 
3h 4.000 s 0.226 9.11 | 9.20 | 0.318 12.51 
4 4.500 8 0.237 10.79 10.89 0.337 14.98 0.674 27.54 
5 5.563 8 0.258 | 14.62 | 14.81 0.375 20.78 0.750 38.55 
6 6.625 8 | 0.280 18.97 19.18 0.432 28.57 0.864 53.16 


| | | 
* Extracted from Tables I, III and IV of “Standard Specifications for Black and Hot-dipped Zinc-coated 
(Galvanized) Welded and Seamless Steel Pipe for Ordinary Uses (A120-47),"’ 1947 Supplement to Book of A.S.T.M 
Standards, Part I-A—Ferrous Metals. Am. Soc. for Testing Materials, Philadelphia (1948). 
+ Plain ends. 


t Threaded, and with couplings. 


Hydrostatic Test Pressures for Welded and Seamless Steel Pipe* 


| “Standard Weight" Pipe | “Extra Strong” Pipe | ‘Double Extra Strong” Pipe | 
Lap- Lap- Lap- | 
welded, | Ided, welded, 
Nominal id. Butt- Electric —_ utt- Electric- Butt- Electric - 

in. welded welded Grade B welded welded | Grade B welded welded Grade B 
and and and 
| aed oe | Grade A | | Grade A | | | Grade A | 

} to 1, incl. | 700 7007 700% | 850 850tt 850f 1,000 1,000t{ 1,000t 
1} to 3, incl. 800 ——-1,000 1,100 1,100 1,500 1,600 1,200 1,800 1,900 


34 to 6, incl. 1,200§ | 1,200 1,300 1,700§ 1,700 1,800 2,000 2,100 
| | 


* Extracted from Tables I, III and IV of ‘‘Standard Specifications for Black and Hot-dipped Zinc-coate 
(Galvanized) Welded and Seamless Steel Pipe for Ordinary Uses (A120-47),"’ 1947 Supplement to Book of A. S. T.M 
Standards, Part I-A—Ferrous Metals. Am. Soc. tor Testing Materials, Philadelphia (1947). ae “et 

+ Lap-welded pipe is not made below 1}-in. size. ; 
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Sec. 5.2—Specifications 
Material suitable for water service 


lines will be supplied in conformance 
with National Bureau of Standards 
Document CS95-41 if so designated. 


LINE 


MATERIALS 


For convenient reference, dimen- 
sions derived from the above docu- 
ment are given in Table 4 for Class 75 
and Class 100 pipe. : 


Sec. 5.3—Dimensions 


Section 6—Wrought-Iron Pipe 


Sec. 6.1—Scope 


These specifications cover the fur- 
nishing of wrought-iron pipe, either 
plain or galvanized, for use in under- 


ground water service lines. 129 2: 


Sec. 6.2—Specifications 

This material will be supplied in 
conformance with A.S.T.M. Specifica- 
tion A72-45 or Federal Specification 
WW-P-44la if so designated. A spe- 
cial note must be added to indicate 
whether black or galvanized pipe is 
desired. If the A.S.T.M. specification 
is used, galvanizing should be specified 


Sec. 7.1—Scope 

These specifications cover the fur- 
nishing of steel pipe, either plain or 
galvanized, for use in underground 
water service lines. 
Sec. 7.2—Specifications 

This material will be supplied in 
conformance with A.S.T.M. Specifica- 
tion Al20-47, or Federal Specification 
WW-P-—406, Type I, if so designated. 
Whether black or galvanized pipe is 
desired must be specially noted. If 


cement-lined pipe is desired, it must 

_ 


fice wet ts 


Section 7—Steel Pipe 


to be in accordance with A.S.T.M. 
Specification A90-39. If cement-lined 
pipe is desired, it must be specially 
noted that the lining shall conform to 
Federal Specification WW -P-406. 


Sec. 6.3—Dimensions 


dimen- 
sions derived from the above A.S.T.M. 
specifications are given in Table 5. 


For convenient reference, 


Sec. 6.4—Hydrostatic Pressures 


For reference, hydrostatic test pres- 
sures derived from the above speci- 
fications are listed in Table 6. 


be specially noted that the lining shall 
conform to Federal Specification WW- 


Sec. 7.3—Dimensions 


For reference, dimensions derived 
from the above A.S.T.M. specifications 
are listed in Table 7 


Sec. 7.4—Hydrostatic Pressures = 


For reference, hydrostatic test pres- 
sures derived from the above A.S.T.M. 
specifications are given in Table 8. 


ial 
ight of 
De per 
inear 
‘oott 
1.71 
2.44 
3.66 
5.21 
9.03 
3.70 
8.58 | 
7.54 
8.55 
S.T.M 
— 
Pipe 
,0003 
,900 
100 
S.T. 


Abstracts of Water Works Literature 


Key: In the reference to the publication in which the abstracted article appears, 39:473 
(May '47) indicates volume 39, page 473, issue dated May 1947. 


If the publication is paged 


by the issue, 39:5:1 (May '47) indicates volume 39, number 5, page 1, issue dated May 1947, 
Abbreviations following an abstract indicate that it was taken, by permission, from one of the 
following periodicals: B.H.—Bulletin of Hygiene (British); C.A.—Chemical Abstracts; Corr.— 
Corrosion; I.M.—Institute of Metals (British); P.H.E.A.—Public Health Engineering Abstracts; 


S.W.J.—Sewage Works Journal; W.P.R.—Water Pollution Research (British). 


DISTRIBUTION SYSTEMS, METERS AND SERVICES 


Studies of the Consumption and Wastage of 
Water in Distribution Systems and Current 
Causes of Waste. Ro_anp B. QUENEAU. 
J. Inter-American Assn. San. Eng. 1:181 
(Oct. '47). Pitometer studies useful for de- 
tecting water waste and for planning distr. 
system improvements in orderly, efficient and 
economical manner. Location and repair of 
leaks in distr. system and in domestic and in- 
dustrial installations conserves water, reduces 
treatment and distr. costs, postpones need for 
addnl. pumping, elims. or postpones need for 
new feeders, elims. possibility of damage due 
to undermined pavements or bldgs., increases 
water pressure, and reduces water flow-in sew- 
erage systems. Location of areas with exces- 
sive demand facilitates waste reduction through 
metering. Discovery of unauthorized con- 
nections and of meters in need of repair 
increases water revenues. Finding cross-con- 
nections protects public health. Inspection 
of valves in system during survey improves 
operation. Pump eff. tests indicate means 
of lowering pumping costs. Principal causes 
of subsoil leakage are: Pipe deterioration 
through corrosion and electrolysis, defective 
materials, poorly installed pipes, earth tremors 
and water hammer. Pitometer survey pro- 
cedure, and equip. and methods of locating 
leaks described. Data on water consump- 
tion and examples of water waste prob- 
lems solved with aid of pitometer surveys in 
U.S., Canada and South and Central Ameri- 
can cities presented.—J. M. Sanchis. 


Nozzles, Valves and Flushing Apparatus. 
STEINWENDER. Gas, Wasser, Warme (Ger.) 
1:241 (Oct. °47). Description of various 
types of apparatus. Careful regulation of 
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water consumption necessary, because in 
bombed cities leaks in pipes difficult to find; 
because of neglect, domestic water consump- 
tion 50-100% higher than before war; vege- 
table gardens require 25% of total water; 
waste caused by running of taps during winter 
to prevent freezing in poorly heated houses. 
Requests, orders, newspaper notices and hand- 
bills had so little effect that water distr. stopped 
for some hours during day. Lowering of pres- 
sure resorted to. Regulation of nozzles, 
valves and flush toilets saved Vienna daily 
20,000 cu.m. of water. Several different types 
of valves installed; all piping to flush toilets 
reduced to }”.—W. Rudolfs. 


Check Valves, Traffic Cops of the Pipelines. 
H. J. BartLett. The Ladle 24:1:8, 24:2:22 
(Jan. '48). Describes various types of swing 
and lift check valves and their applications.— 


Ed. 


Uses of Controlled Globe Type Valves. 
AnGus D. HENDERSON. W.W. Eng. 100: 
1209 (1947). Use of globe-type valves as 
check valves and backflow preventers, as 
pressure-relief valves and for level control of 
elevated tanks, standpipes and reservoirs, de- 


scribed.—Ed. 


Los Angeles Program Speeds Reconditioning 
of Cast-Iron Pipe. R. E. YEMBORG. Eng. 
News-Rec. 140:46 (Jan. 8, '48). Cast-iron 
pipe, removed from water service because of 
revisions of street grades or necessity for 
larger lines, is reconditioned for re-use in Los 
Angeles system by relatively simple process. 
Pipe is hand scraped, grit blasted, mortar 
lined and coated with coal-tar enamel.— Ed. 
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Important Fundamentals for the Repair of 
Distribution Systems. Ernst Daur. Gas- 
yu. Wasser. (Ger.) 88:6:173 ('47). In Pforz- 
heim, Wurtemberg, center of city and 80 per 
cent of residential area completely destroyed. 
Water plant suffered relatively little. Re- 
pair of distribution system showed that under- 
ground river crossings not damaged, but those 
on bridges were. Valves concentrated in 
manholes easier to find and handle than single 
valves under valve boxes. Even if prints of 
general plans of system available, lack of de- 
tailed local plans can hinder work. Impor- 
tant local plans should be kept in fireproof 


safes. Besides detailed maps showing loca- 


tion of mains and valves, inventory listing of 


Fic. 1. Rubber Freezing ee 7 
all valves, giving age, useful. Max 


Suter. 


very 


Quick Freezing of Service Pipes Speeds Re- 
pair Work. Joun L. Forp. W. W. Eng. 
100:1365 (Nov. 12, 47). In replacing curb 
valve or lengthening service to it, shutting off 
pressure is great advantage. Shutting off 
corporation stop on main usually impractical 
because of expense or amount of digging in- 
volved. Rubber plug on rod sometimes is 
pushed through open curb valve and expanded 
to stop flow, but valves with narrow water 
passage will not pass plugs large enough. 
Rubber plug useless when service pipe is being 
lengthened, as plug cannot be removed after 
work completed. In some water works it has 
been common practice for years to freeze 
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water in pipes to serve as plug. During freez- 
ing process flow must be stopped or rate 
reduced to permit freezing. Principal advan- 
tage of using dry ice (solid COz) for pipe freez- 
ing is that it is so cold it works amazingly fast. 
Also it is clean to handle and is easily obtain- 
able from frozen vegetable distributors or 
ice cream shippers. Following procedure is 
simple and quick: piece of old inner tube, 
8’ X 10”, is centered under pipe and brought 
up and fastened together with wide, strong 
clamps; rubber should be left loose from end 
to end to form pocket (see Fig. 1 and 2). For 


2. 


Pocket for Vertical Pipe 


freezing 65°F. water in j-in. steel pipe, 1 Ib. of 
powdered dry ice is poured into pocket and { 
pint of alcohol added. Antifreeze, gasoline or 
naphtha can be used, though latter two are 
hard on rubber. If flow entirely stopped, or 
up to 0.033 gpm., water freezes solid in 2-5 
min. When no alcohol or other liquid is 
added, it takes several times as long to freeze 
pipe with dry ice. To test whether pipe is 
frozen: if valve drips, this can be watched to 
note when flow stops, indicating pipe is fro- 
zen; if valve does not drip, 5 min. should be 
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allowed after dry ice and liquid have been 
applied, and valve opened cautiously. Even 
if pipe frozen, small amount of water under 
pressure between ice plug and valve will be 
noted when valve opened; if flow continues, 
however, valve should be closed and another 
5 min. allowed. Once frozen, pipe will remain 
so as long as rubber pocket contains dry ice, 
which may be added if necessary. To thaw 
pipe, rubber is removed and warm water or 
torch applied. Rubber can be re-used, and 
expense of method is only 15¢ for material. 
Pipe will suffer no damage. Method cannot 
be used if flow greater than approximately 


Fic. 3 


0.067 gpm. CQOz given off is not poisonous 
but can cause suffocation if breathed in great 
concentration; however, small quantities used 
in pipe freezing make danger negligible. 
Little fire hazard from alcohol or gasoline be- 
cause of low temperatures.— Ed. 


The Freez-Seal Method. ANon. Pamphlet 
released by Freez-Seal Equipment Co., Ltd., 
New Malden, Surrey, England (1946). 
Freez-Seal equipment (patents applied for) is 
designed to form ice plug in pipe to be repaired; 
ice plug is formed in special way ‘“‘under con- 
ditions which eliminate all possibility of dam- 
age to pipe which might otherwise be caused 
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by expansion of ice plug.’’ Two types of 
equipment: (1) portable mechanical refriger. 
ator and (2) nonmechanical unit. Mechan- 
ical unit (Fig. 3), weighing 70 Ib., consists of 
small standard refrigerator type of compressor 
with condenser and fan, all coupled to prime 
mover (gasoline engine or electric motor) ab- 
sorbing { hp. Hinged clip (Fig. 4) forms ex. 
pansion chamber for refrigeration circuit and 
is fixed in position on pipe close to defective 
portion to be repaired. After flow of water in 
pipe has been stopped, except for slight drip 
at controlled rate, section of pipe within clip 
is frozen. ‘Closing tool” or special sealing 


Portable Freezing Unit 


clamp used to stop flow from damaged portion 
of pipe before clip (expansion chamber) is 
attached. Drip cock (Fig. 5) fitted to sealing 
clamp permits small leakage to escape from 
pipe, which indicates when water is frozen and 
relieves pressure within pipe during formation 
of ice plug. Ice plug forms gradually and 
freezing process does not give rise to bursting 
tendency, but takes place throughout at same 
pressure as that of water in main. Refriger- 
ant iscontained in closed circuit and suffers no 
deterioration or Nonmechanical unit 
consists of hinged container which is fixed 
to pipe to be repaired. Container is then 
charged with suitable refrigerant such as CO, 
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or CO-methyl alcohol mixture. If CO, is 
ysed, means are provided to relieve pressure of 
gas given off. Container very similar to 
mechanical unit, same methods used for tem- 
porary sealing of flow and for providing con- 
trolled drip. Both units designed to fit pipes 
in any position and will accomodate lead, 
steel and copper pipes of different standard od. 
Laboratory and field tests have shown that 
freez-seal process can be applied to water serv- 
ice pipes no matter how deteriorated without 
affecting pipe strength. Time taken to freeze 
pipes depends on pipe material, air and water 
temperature and other factors. From expe- 
rience, }-in. pipe requires 3-6 min.; j-in. pipe, 
6-9 min.; and 1-in. pipe, 9-15 min. Advan- 
tages claimed for freez-seal method include: 


Fic. 4. Hinged Clip 


1) no possibility of contamination of water 
supply due to pressure reduction or emptying 
of main; (2) less inconvenience to consumers 
and operators; (3) perfect seal free of drips; 
4) no cloudy or discolored water resulting; 
5) less chance of air locks or damage to fit- 
tings; (6) less waste of water; (7) saving of 
labor, time and expense.— Ed. 


Use of Copper Pipes in Large Water Sup- 
ply Schemes. A. Clouston. New Zealand 
Eng. p. 1260 (Dec. 10, '47). Water mains 
situated under wharves have to endure ex- 
tremely severe corrosion conditions owing to 
proximity of salt water and varying temp. 


Such mains also have to convey large quants. 
of water for fire fighting and to supply vessels. 
\t Wellington Harbor 4-in. water main of 
galvanized steel pipe suspended under wharf 
by mild steel hangers, but life of this main 
only about 12-15 yr. During '45 Harbor 
Board faced with problem of replacing this 
main and possibility of using copper main in 
place of galvanized steel considered. Ests. 
showed cost of compression joints would be 
high and it was decided to investigate possi- 
bility of using low temp. brazing as medium 
for all joints. Expts. and further ests. 
showed that higher cost of using copper pipe 
would be offset by considerable saving in 
labor costs, as much of work could be carried 
out in workshop, whereas with iron pipe it 


5. Clamp and Drip Cock 2% 
Ae 
would be necessary to execute whole of work 
out on job, necessitating use of punts and 
difficult work over concrete beams of wharf. 
Some 1872’ of 4” by 13-gage H.H. copper pipe 
and 448’ of 2}” by 16-gage H.H. copper pipe 
for fire plug connections ordered and 6 lb. of 
Silfos and 2 Ib. of Easyflo specially 
ordered from England. Although 23” diam. 
copper pipe used to replace existing 3” diam. 
main, as anticipated, due to much less fric- 
tional loss in pipes, delivery increased from 
217 to 288 gpm. Method of joining 16’ 
lengths of 4” pipe was by expanding ends of 
copper pipe with steel mandrel; this joint 
made with Silfos using No. 4 tip in workshop 
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and No. 6 tip on job. 
wharf done wholly by gang of 3 men, pipes 
_ being suspended on hardwood blocks to stop 
any possibility of copper coming into contact 


with iron rods. Working pressure of these 
mains between 100 and 140 psi. Another 
hydraulic main working under pressure of 
750 psi. replaced by }” diam. by 10-gage H.H. 
copper pipe. After two years’ operation 
these pipelines entirely satisfactory.— Ed. 


British Standard for Copper Tubes to 
be Buried Underground. B.S. 1386:1947. 
\non. Wtr. & Wtr. Eng. (Br.) 50:511 (Oct. 
47). Standard covers solid-drawn copper 
tubes which are to buried underground for 
conveyance of water, gas, etc. Specification 
covers copper tubes for working pressures up 
to 200 psi., §” to 1}” nominal size in long 
length coils, and 3” to 4” nominal size in 
straight random lengths. Copies can be ob- 
tained from British Standards Institution, 
Publications Sales Dept., 24, Victoria St., 
London S.W. 1; price 2s net, postfree. Std. of 
interest as illustration of way in which re- 
search is bringing about improvements. 
Copper pipes now coming into widespread use 
underground for water, gas and sanitation. 
H. E. Babbitt. 


British Standard Specification for Copper 
Tubes, Heavy Gage, for General Purposes. 
B.S. 61 (Part 1); 1947. Anon. Wtr. & Wtr. 
Eng. (Br.) 50:512 (Oct. Specification is 
revision of that part of B.S. 61:1913 relating 
to copper tubes, threading details being pub- 
lished separately as B.S. 61, Part 2. Thick- 
ness of tubes has been coordinated with other 
specifications in order to simplify range of 
copper tubes recognized as std. Number of 
slight alterations have been made in od. of 
tubes and clauses have been added covering 
tests. Copies can be obtained from British 
Standards Institution, Publications Sales 
Dept., 24, Victoria St., London S.W. 1.; price 
2s, postfree.—H. E. Babbitt. 


Protection of Water Supply: Headworks to 
Consumer. A. D. MeEaAb. Originally pub- 
lished in New Zealand Engineering, March 
47. Wtr. & Wtr. Eng. (Br.) 50:401 (Aug. 
'47). First concern effective sterilization of 
trunk water main. Dose generally recom- 
mended of order of 10 ppm. Best protection 
of service reservoirs is by roof monolithic with 
walls. Rules for sterilization of network of 
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feeder and reticulation mains similar to thog 
for trunk mains. Faults on consumers’ prem. 
ises offer most usual risk to purity of supply 
after leaving filters. Conditions of complete 
safeguarding are: (1) service pipes always fyi] 
and under pressure, (2) they should have no 
phys. connection with other liq.-contg. pipes 
or vessels; and (3) taps from which water 
drawn should be in open, above fitting or con. 
tainer which will receive water. It cannot be 
too strongly insisted that 2 systems (pold. and 
unpold. water) must be kept distinct. Prof. 
fered safeguards, such as nonreturn valves 
not sufficiently reliable. Piping direct to taps 
usually regarded as ideal from hygienic stand. 
point. For certain types of occupation un. 
interrupted supply so vital that reserve 
storage on premises becomes necessary. Hy. 
gienic care of cistern necessary. It must have 
close-fitting but not air-tight lid, placed where 
not too difficult of access, and not liable to 
contamn. Well-drawn set of by-laws, capable 
inspectors, reading of journals, and executive 
determination are all links in chain of safe. 
guarding of pure water.—H. E. Babbitt. 


American Plumbing. A Comparison With 
British Practice. F. L. BARRow. Wer. & 
Wtr. Eng. (Br.) 51:62 (Feb. '48). (From 
paper delivered before Royal Sanitary Inst.) 
Water supplies: American supplies are more 
abundant enabling them to supply 80 or more 
gpd. (Imp.) per head for domestic consump- 
tion, while in Britain 30 gpd. (Imp.) considered 
good allowance. Climatic: In more northerly 
parts winter temperatures necessitate fixing all 
soil, waste and rainwater pipes within bldgs. 
Americans have dispensed almost entirely 
with cold water storage cisterns in individual 
houses. One effect of this practice is that hot 
water storage tanks are at main pressure. 
Such tanks have no expansion pipes, such as 
British use. Advantage of taking supplies 
from mains is simplicity of pipe work, saving 
of cistern room, and elimination of risk of 
freezing at cistern or of pollution introduced at 
water surface. Flushing water quantities for 
American closets may be double usual British 
2or3gal. American requirements as regards 
soil pipe sizing and antisiphonage ventilation 
are not same as British. In more expensive 
private dwellings one would be likely to find 
flushing valves but in housing generally it is 
normal to use flushing cistern, as British do. 
It is only within last 20 yr. or so that it has 
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water is served to appliance without inter- 
posing cistern open to atmospheric pressure, 
any “submerged inlet” on appliance can pro- 
duce serious risk of back-siphonage. There 
is no way with conventional closet pans of 
avoiding submerged inlet. American remedy 
now being applied in case of unavoidable sub- 
merged inlet is backflow preventer. In Brit- 
ish practice flushing valves are not supplied 
directly from mains. British permit sub- 
merged inlets by not lifting tap outlet above 
flood rim as Americans do. In U.S. and 
Canada one-pipe internal stack system is 
practically universal. British would not give 
unqualified approval to internal stacks, but 
accept them only when dangers of leakage, 
particularly over food, have been fully consid- 
ered. Economy in pipe work, junctions and 
manholes which may be obtained by using 
one-pipe plumbing is fairly obvious. One of 
effects of summer climate in North America is 
prevalence of showers for bathing. Where 
possible shower is used as auxiliary to bath 
tub. This explains why American bath tubs 
are 1-2 in. wider and also good deal lower than 
British. Americans have natural fondness for 
mechanical devices and new gadget attracts, 
while British tend to regard novelty with sus- 
picion. This may be one reason Americans 
developed so many labor-saving devices. 
Good plumbing and plenty of it is highly re- 
garded by Americans and there is less shyness 
in talking about it. They seem to be more 
conscious than British of dangers of infection. 
For example, they make it much easier to 
wash after using toilet. Americans appear to 
use lead, copper, iron, steel and asbestos-ce- 
ment pipes for much same purposes as British. 
Their experience with prefabricated plumbing 
has been closely parallel to British.—H. E. 
Babbitt. 


Plumbing Designs for Postwar Buildings. 
Anon. Wtr. & Wtr. Eng. (Br.) 50:202 (Apr. 
'47). Report of Plumbing Committee of 
Bldg. Research Board notes some common 
defects in prewar plumbing. Attempt to pro- 
duce single plumbing design for all districts 
would be futile. Excessive lengths of pipe- 
work in layouts arise when general planning of 
building has proceeded without due reference 
to plumbing. Protection against frost dealt 
with. Pipes should not run near ventilator 
and should be placed in sheltered locations. 
Flow test in fully assembled pipe should be 
made before going beyond prototype stage to 
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assure adequate flow from taps. Among 
other points mentioned in report are: precau- 
tions in case of calked joints within building, 
traps liable to siphonage, and capac. of cold 
water storage cisterns. New British stand- 
ards for baths, wash basins, water-closet 
suites, hot water tanks, cold water storage 
cisterns, etc. have been provided.—H. EF. 
Babbitt. 


Load Equalization in Distribution Systems. 
H.SCHELLENBERG. Schweiz. Bauzeit. (Swiss) 
65:36:495 (Sept. 6, °47) & Monatsbulletin 
(Swiss) 27:11:252 (Nov. '47). While highest 
load possible on system is theoretically sum of 
all individual loads, it is well known that this 
highest load is not reached in distr. system. 
The probability P that out of m consumers r 
use their individual max. load for fractional 
time p per day given by formula: 


m’ em 


where m = np. If individual! load Wo, mo- 
mentary load rW»o. Peak that happens most 
often is that for max. of value of P which cor- 
responds to value 7’ and is r’'Wo. Formula 
shows that in this case m = W’/Wo. This is 
not maximum peak on plant, however, which 
happens only with probability P’’ and corre- 
sponding r” and is Value of 
has to be detd. from experience or from time 
certain load should not be exceeded. Using 
various values of m and P”’, curves have been 
drawn which show that r” increases with in- 
crease of m. Value of m can also be calcd. 
from time, é, a consumer uses Connection, total 
time, 7, for which the calcn. made, and num- 
ber, P, of persons per consumer, by formula 


nPto 
m=. OF (considering total load capac. 
W=nW,) from m = WPth/WoT. Some 


variables appearing can be considered in prac- 
tice as constants. Graphs given show numer- 
ical relations in metric system and under 
conditions existing in Europe. Calcn. compli- 
cated and recommended only for large proj- 
ects of distr. but can fundamentally be used 
not only for water distr. nets, but also for 
those of gas, steam, electricity and even for | 
traffic loads.— Max Suter. 


FREDERICK BELL. Surveyor (Br.) 106:635 
(Dec. 5, '47). Itis std. practice of number of 
American gas companies to cut off and lay 


Service Cutoffs in One-Foot Square Holes. 7 
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placed.—R. E. Thompson. 


services with min. excavation at main and in 
most cases this has been reduced to hole only 
1 sq. ft. in area. Liverpool service squads 
now Carry out service cutoffs with no more 
road excavation than this. Some advan- 
tages: (1) reinstatement of opening less ex- 
pensive than of larger opening; (2) backfilling 
done so effectively that surface ready for im- 
mediate reinstatement; (3) less heavy digging 
required; (4) use of special tools and different 
technique has provided opportunity for work- 
men to show initiative and skill in handling 
equip.; (5) work can be done more rapidly and 
labor cost smaller. Normal cutoff from start 
to finish takes hour or so, even through con- 
crete road.—H. E. Babbitt. 


The Design of Metered Connections. ANOoN. 
Wtr. & Wtr. Eng. (Br.) 50:528 (Nov. '47). 
Factors governing size of metered connection 
are: (1) rate at which water required, (2) 
height at which water is to be delivered, (3) 
pressure in main from which supply afforded 
and (4) total loss of head from main to deliv- 
ery. Connection should be designed to give 
max. required rate of flow. If storage tank 
with capac. sufficient to balance demand over 
24 hr. is installed, design capac. of connection 
will be hourly rate given by total daily de- 
mand divided by 24. More usual set of con- 
ditions is, for example, quant. of 8000 gpd., in 
2 peak periods of 2 hr. each, with storage tank 
of 1000 gal. capac. Rate of discharge at con- 
nection would be (8000 — 1000) + 6 = 1.160 
gph. Height required is highest part of 
supply pipe through which water is discharged 
into storage tank above main from which con- 
nection is tobe made. Engr. must be careful 
to use pressure in main which obtains when 
consumers’ peak demand likely to occur. 
Computation of loss of head from main to 
storage tank involves knowledge of size of 
connection and must be made by trial.—H. E. 
Babbitt. 


London (Ont.) Program of Water Meter 
Testing Yields Good Results. T. HopkKIN- 
son. Eng. Cont. Rec. (Can.) 60:5:102 (May 
'47). Meters tested according to following 
schedule: 1’ and smaller every 5 yr., 14’’-2” 
every 3 yr., 3-8” every 2 yr. Adoption of 
this program increased revenue and reduced 
unaccounted-for water. Results of tests of 
domestic meters given which indicate loss of 
sensitivity during 5-yr. service. All meters 
should be tested immediately before being 
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Develop Method of Drilling for Water Con. 
nections at Woodstock (Ont.). J. R. Sut. 
LIVAN. Eng. Cont. Rec. 60:4:84 (Apr. '47), 
Extensions in '46 to meet increasing demand 
included 3 wells, 16’ diam., in spring area 4 
mi. from city; 6799’ mains and 100 services, 
Latter installed by opening trench at main 
and at curb box, using air drill to bore from 
one to other, and drawing copper tubing back 
through hole as boring pipe withdrawn. Nec. 
essary equip. transported in trailer attached 
to compressor.—R. E. Thompson. 


Designing Indoor Water Services. L. B, 
EscritT. Surveyor (Br.) 105:149 (Feb. 22, 
46). In detg. sizes of water mains, usual to 
allow for peak flow of 3 times avg. rate during 
24 hr. and to select size of pipe that will give 
economic velocity, frequently around 2.75 fps. 
When service lines inside large buildings are to 
be designed, conditions different. Peak flow 
rates greatly exceed avg. demand. Allow- 
ance must be made for number of fittings prob- 
ably to be used at once. Tables and curves 
have been made up recommending factors by 
which simultaneous demand of any number 
of fittings can be crudely estimated. Most 
economic scheme indoors is that in which hy- 
draulic gradient more or less constant through- 
out system.—H. E. Babbitt. 


Economic Considerations on the Water Sup- 
plies of Cities and Settlements. Erwin 
NEUMANN. Gas u. Wasser. (Ger.) 88:3:69 
(47). Need for cheaper and better living 
quarters suggested use of cheap farm lands for 
settlements. These require large initial cost 
to make them accessible. Cost of utilities 
and amt. of materials needed increase greatly 
per resident as houses spread farther apart. 
These facts should be given more considera- 
tion by city planners. Data given for Ger- 
man conditions, showing that single-house 
settlements need 14 to 22 times as much ma- 
terial per resident as multiple story bldgs. 
Pressure loss in distr. systems and peak loads 
also greater in settlements, especially where 
gardens sprinkled. Often need for fire pro- 
tection governs pipe sizes. Single wells for 
each house not recommended as treatment 
cannot be maintd. and sanitary conditions not 
satisfactory if central sewer system lacking. 
Max Suter. 


Simplified Sewer and Water Main Calcula- 
tions for Housing Schemes. C. C. Jupson. 
Surveyor (Br.) 106:345 (July 4, '47). Author 
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describes extensive work required in calcula- 
tion of estimates for sanitary sewers, storm 
sewers and water mains needed for proposed 
housing developments. To aid other engi- 
neers in preparation of these estimates author 


Second Aqueduct for East Bay. ANON. 
Western Constr. News.. 22: 8: 75 (Aug. 47). 
Duplication of 94-mi. Mokelumne R. Aque- 
duct of East Bay Munic. Utility Dist. serving 
water to east shore cities of San Francisco Bay 
made necessary by wartime growth of area. 
Present system completed in ’29 to deliver 50 
mgd. by gravity. Designers anticipated need 
for more capac. by purchasing 100’ right-of- 
way and constructing outlet works, tunnels, 
etc., in duplicate. Pumping plants built 
along line increased flow to 95 mgd. With 
new aqueduct and 4 pumping plants, delivery 
to be 200 mgd. Avg. demand in '46 was 104 
mgd., supplied by aqueduct and local water- 
sheds. New aqueduct to cost $22,000,000. 
Interesting description of constr. materials, 
methods and problems.—A. C. Rener. 


Water Supply Job Follows 1924 Plans. 
\non. Eng. News-Rec. 140: 50 (Jan. 8, '48). 
Construction of Second Mokelumne Aqueduct 
in California follows closely plan of water sup- 
ply development laid down more than two 
decades ago. Construction on pipeline simi- 
lar in general nature to that done on original 
line completed in 1929, but improvements in 
field-welding techniques and in steel-pipe coat- 
ing and lining procedures assure better job 
at this time. New aqueduct will bring ap- 
proximately 200 mgd. of water from Sierra 
Nevada to East Bay Municipal Utility Dis- 
trict.—Ed. 


Phenomenal Colonization of Diatoms in Aque- 
ducts. A. D. Harpy. Proc Roy. Soc. Vic- 
toria (Australia) 55: II: 229 ('43). Cause of 
algal infestation of Melbourne water works 
which has occurred seasonally since 41 in 
hitherto unaffected 12-yr-old aqueduct has 
not been detd. satisfactorily but suggested 
that much C and ash entered highland streams 
during forest fires of '39 and, with silica result- 
ing from subsequent erosion, afforded abund- 
ance of diatom shell-building material.—C.A. 


New 72-in. Pipeline to By-pass Soft Bottom 
of San Francisco Bay. N.A.ECKART. 
News-Rec. 139: 49 (Jul. 10, °47). 


Eng. 
To increase 
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{ 
has included tables covering essential items 
for: (1) foul sewers on housing sites; (2) water 
mains on housing sites; and (3) design of small -; : 


surface-water sewers on housing sites.—- 
P.H.E.A. 


capacity of Hetch Hetchy Aqueduct, 47 mi. 
of 62-in. pipe will be laid across San Joaquin 
Valley, and third San Francisco Bay pipeline _ 


will be laid on dry land, away from other two, | 
for safety.—Ed. 

Water Pipeline on the Desert Floor. ANON. _ 
Eng. News-Rec. 138: 889 (May 29, °47).— 
Constr. of 223-mi. pipeline, 30’-21” id., in 
South Australia.—Ed. 

Submarine Pipelines in Deep Water at Port- 
land, Maine. James R. Garpner. J.N.EF. 
W.W.A. 59: 148 (June '45). War demands | 


necessitated connections from Portland Water 
Dist. to several islands in Portland Harbor. | 
Lack of c-i. pipe, severe winter, harbor regula- 
tions, and shortage of labor overcome by use 
of wrought-iron pipe, welded into 200’ sec- 
tions, and many ingenious expedients. In 
deeper waters longer sections laid by “‘con- 
trolled buoyancy” using mine net floats. 
Another line had to be laid in trench 25’ below 
bottom of water to allow for future dredging. 
250’ U-shaped sections built on shore floated 
into place and connected by flexible c-i. ball 
joints. Whenc-i. pipe became available later, 
sections of 8” and 12” laid under 120’ of 
water, which is believed to be record depth for 
60’ sections lowered by strongback and bolted 
together below surface by divers. One seri- 
ous break which occurred located by divers. 
Repair section built by means of templates 
made in deep water, lowered in place and 
connected successfully.—P.H.E.A. 


Transite Pipes in Tunnel Form New Feeder 
Main for St. Catharines. W.G. McCLAuGH- 
LIN. Wtr. & Sew. (Can.) 85: 2: 13 (Feb. ’47). 
In 1878, dam built across Beaver Dams Creek 
just upstream from Decew Falls, creating 65- | 
acre storage reservoir, el. 160’ above city, — 
maintg. 65-70 psi. pressure in distr. system. 
As demand increased and runoff decreased, — 
water diverted from Welland Ship Canal into 
reservoir, and practically whole supply —~ 
so obtained. Original 16” c-i. feeder main to 
city has capac. of 2.5 mgd. In ‘13, second z 
feeder main installed, consisting of 4000’ un- 
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lined tunnel through limestone from reservoir 
to face of escarpment and 24” c-i. main 15,000’ 
from this point to city. In ’26, 10-mgd. filter 
plant and 5-mil.gal. filtered water reservoir 
placed in commission, latter discharging into 
tunnel. Tunnel passes under forebay (Gibson 
Lake) and headrace of power plant, and to 
elim. possible contamn. from leakage, two 24” 
Class 50 asbestos-cement pipelines installed 
in tunnel in 1946, one connecting with existing 
24” c-i. feeder and other with new one being 
constructed of 24” c-i. pipe used as temporary 
feeder while tunnel out of commission. Lay- 
ing of asbestos-cement pipe described in some 
detail, including man-hr. costs. Work in- 
volved removal of clay and silt accumulated 
prior to constr. of filters, straightening and 
enlarging tunnel to min. section of 6 X 6’, 
placing concrete floor slab, and laying pipe on 
precast cradles. Pipe joints consisted of 
collar and rubber gaskets jacked over ma- 
chined ends of pipe, those to c-i. pipe being 
poured with Hydrotite. Only 2 of 602 found 
defective. When new c-i. pipeline to city 
completed, feeder lines will have total capac. 
of 18.5 mgd. Consumption varies from 3 to 
8 mgd., and avgs. 6.—R. E. Thompson. 
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Tunnel Lining—Unique Equipment on San 
Diego Bore. ANON. Western Constr. News 
23: 1: 65 (Jan. '48). San Diego has com- 
pleted aqueduct from Colorado River and 
water pouring into San Vicente Res. 20 mi. 
from city. Contracts awarded for transmis- 
sion main to city distribution system. Three 
sections are 68” reinforced concrete pipe. 
4th section is 6’ diameter tunnel 6292’ long 
being built by L. E. Dixon Co. of Los Angeles, 
Conventional tunneling methods used averag- 
ing 29’ per day. Troublesome water en- 
countered in conglomerate requiring continu- 
ous pumping. Novel carloading method used 
back of mucker by discharging material onto 
conveyor belt operating over muck cars. 
This eliminated switching system for ad- 
vancing empty cars to mucker. Subcontract 
for concrete lining held by M. F. Kemper 
Construction Co. of Los Angeles. Tunnel 
lined to finish surface of 6’ circular diameter, 
Average thickness from inside surface to rock 
17”. Greatest interest in special equipment 
designed by Kemper firm. Collapsible form 
20’ long used with hinged sections. Descrip- 
tion of process with series of pictures.—A. C. 
Rener. 
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The signing of the Water Pollution Control Act (Public Law 845, 80 Cong. 
2) by President Truman on June 30, 1948, sets a milestone along the road to the 
recovery of our As drawn up, the act is pri- 
marily intended to promote research and provide technical guidance and financial 
Both surface and 


Water Pollution Control Act 


great natural resource—water. 


aid in planning and constructing waste treatment works. 
ground waters come within the purview of the act. 

Federal Security Administrator Ewing, in commenting upon the law, said 
(in part): “All water uses of each stream will be considered and the [waste | 
treatment recommended will be based upon these uses.” 

Administrative responsibility for enforcing the act at federal level is shared 
by the Federal Security Agency (through the U.S. Public Health Service) and 
the Federal Works Agency. 

Vo appropriations have 
building waste treatment works. 

Following is the text of the Water Pollution Control Act, entitled “An Act 
to provide for water pollution control activities in the Public Health Service of 
the Federal Security Agency and in the Federal Works Agency, and for other 
purposes.” 


as yet been made to provide grants for planning or 


B IT -ENACTED BY THE SENATE 
House OF REPRESENTATIVES 
F THE UNITED STATES OF AMERICA 


IN CONGRESS ASSEMBLED, That in con- 
nection with the exercise of jurisdic- 
tion over the waterways of the Nation 
and in consequence of the benefits re- 
sulting to the public health and welfare 
by the abatement of stream pollution, 
it is hereby declared to be the policy 
of Congress to recognize, preserve and 
protect the primary responsibilities and 
rights of the States in controlling water 
pollution ; to support and aid technical 
research to devise and perfect methods 
of treatment of industrial wastes which 
are not susceptible to known effective 
methods of treatment; and to provide 
Federal technical services to State and 
interstate agencies and to industries, 


and financial aid to State and interstate 
agencies and to municipalities, in the 
formulation and execution of their 
stream pollution abatement programs. 
To this end, the Surgeon General of 
the Public Health Service (under the 
supervision and direction of the Fed- 
eral Security Administrator) and the 
Federal Works Administrator shall 
have the responsibilities and authority 
relating to water pollution control 
vested in them respectively by this Act. 

Sec. 2. (a) The Surgeon General 
shall, after careful investigation, and 
in cooperation with other Federal 
agencies, with State water pollution 
agencies and interstate agencies, and 
with the municipalities and industries 
involved, prepare or adopt comprehen- 
sive programs for eliminating or re- 
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ducing the pollution of interstate waters 
and tributaries thereof hereinafter de- 
clared to be a public nuisance and im- 
proving the sanitary condition of such 
interstate waters and tributaries 
thereof. In the development of such 
comprehensive programs due regard 
shall be given to the improvements 
which are necessary to conserve such 
waters for public water supplies, prop- 
agation of fish and aquatic life, recrea- 
tional purposes, and agricultural, in- 
dustrial and other legitimate uses. 
For the purpose of this subsection the 
Surgeon General is authorized to make 
joint investigations with any such agen- 
cies of the condition of any waters in 
any State or States, and of the dis- 
charges of any industrial 
wastes, or substance which may dele- 
teriously affect such waters. 

(b>) The Surgeon General shall en- 
courage cooperative activities by the 
States for the prevention and abate- 
ment of water pollution ; encourage the 
enactment of uniform State laws relat- 
ing to water pollution ; encourage com- 
pacts between States for the prevention 
and abatement of water pollution; col- 
lect and disseminate information relat- 
ing to water pollution and the preven- 
tion and abatement thereof; support 
and aid technical research to devise 
and perfect methods of treatment of 
industrial wastes which are not 
ceptible to known effective methods of 
treatment ; make available to State and 
interstate agencies, municipalities, in- 
dustries and individuals the results of 
surveys, studies, investigations, re- 
search and experiments relating to wa- 
ter pollution and the prevention and 
abatement thereof conducted bv the 
Surgeon General and by authorized 
cooperating agencies ; and furnish such 
assistance to State agencies as may be 
authorized by law. | 
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(c) The consent of the Congress 
is hereby given to two or more States 
to negotiate and enter into agreements 
or compacts, not in conflict with any 
law or treaty of the United States, 
for (1) cooperative effort and mutual 
assistance for the prevention and abate- 
ment of water pollution and the en- 
forcement of their respective laws relat- 
ing thereto, and (2) the establishment 
of such agencies, joint or otherwise, 
as they may deem desirable for making 
effective such agreements and com. 
pacts. No such agreement or compact 
shall be binding or obligatory upon 
any State a party thereto unless and 
until it has been approved bv the 
Congress. 

(d) (1) The pollution of interstate 
waters in or adjacent to any State or 
States (whether the matter causing or 
contributing to such pollution is dis- 
charged directly into such waters or 
reaches such waters after discharge 
into a tributary of such waters), which 
endangers the health or welfare of per- 
sons in a State other than- that in 
which the discharge originates, is 
hereby declared to be a public nuisance 
and subject to abatement as_ herein 
provided. 

(2) Whenever the Surgeon Gen- 
eral, on the basis of reports, surveys, 
and studies, finds that any pollution 
declared to be a public nuisance by 
paragraph (1) of this 
occurring, he shall give formal noti- 
fication thereof to the person or per- 
sons discharging any matter causing or 
contributing to such pollution and shall 
advise the water pollution agency or 
interstate agency of the State or States 
where such discharge or discharges 
originate of such notification. This 
notification may outline recommended 
remedial measures which are reason- 
able and equitable in that case and 
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shall specify a reasonable time to secure 
abatement of the pollution. If action 
calculated to secure abatement of the 
pollution within the time specified is 
not commenced, this failure shall again 
be brought to the attention of the per- 
son or persons discharging the matter 
and of the water pollution agency or 
interstate agency of the State or States 
where such discharge or discharges 
originate. The notification to such 
agency may be accompanied by a rec- 
ommendation that it initiate a ‘suit to 
abate the pollution in a court of proper 
jurisdiction. 

(3) If, within a reasonable time 
after the second notification by the 
Surgeon General, the person or per- 
sons discharging the matter fail to 
initiate action to abate the pollution, 
or the State water pollution agency or 
interstate agency fails to initiate a suit 
to secure abatement, the Federal Se- 
curity Adrhinistrator is authorized to 
call a public hearing, to be held in or 
near one or more of the places where 
the discharge or discharges causing or 
contributing to such pollution origi- 
nate, before a board of five or more 
persons appointed by the Adminis- 
trator, who may be officers or em- 
ployees of the Federal Security Agency 
or of the water pollution agency or 
interstate agency of the State or States 
where such discharge or discharges 
originate (except that at least one of 
the members of the board shall be a 
representative of the water pollution 
agency of the State or States where 
such discharge or discharges originate 
and at least one shall be a representa- 
tive of the Department of Commerce, 
and not less than a majority of the 
board shall be persons other than 
officers or employees of the Federal 
Security Agency). On the basis of 
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the board shall make its recommenda- 
tions to the Federal Security Admin- 
istrator concerning the measures, if 
any, which it finds to be reasonable 
and equitable to secure abatement of 
such pollution. 

(4) After affording the person or 
persons discharging the matter caus- 
ing or contributing to the pollution 
reasonable opportunity to comply with 
the recommendations of the board, the 
Federal Security Administrator may, 
with the consent of the water pollution 
agency (or of any officer or agency 
authorized to give such consent) of 
the State or States in which the matter 
causing or contributing to the pollution 
is discharged, request the Attorney 
General to bring a suit on behalf of 
the United States to secure abatement 
of the pollution. 

(5) Before or after any suit author- 
ized by paragraph (4) is commenced, 
any person who is alleged to be dis- 
charging matter contributing to the 
pollution, abatement of which is 
sought, may, with the consent of the 
water pollution agency (or of any 
officer or agency authorized to give 
such consent) of the State in which 
such matter is discharged, be joined 
as a defendant. The court shall have 
power to enforce its judgment against 
any such defendant. 

(6) In any suit brought pursuant 
to paragraph (4) in which two or 
more persons in different judicial dis- 
tricts are originally joined as de- 
fendants, the suit may be commenced 
in the judicial district in which any 
discharge caused by any of the de- 
fendants occurs. 

(7) The court shall receive in evi- 
dence in any such suit a transcript of 
the proceedings before the board and 
a copy of the board’s recommendation ; 
and may receive such further evidence 
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court in its discretion deems 
proper. The court, giving due consid- 
eration to the practicability and to the 
physical and economic feasibility of 
securing abatement of any pollution 
proved, shall have jurisdiction to enter 
such judgment, and orders enforcing 
such judgment, as the public interest 
and the equities of the case may re- 
quire. The jurisdiction of the Sur- 
geon General, or any other agency 
which has jurisdiction pursuant to the 
provisions of this Act, shall not ex- 
tend to any region or areas nor shall 
it affect the rights or jurisdiction of 
any public body where there are in 
effect provisions for sewage disposal 
pursuant to agreement between the 
United States of America and any 
such public body by stipulation en- 
tered in the Supreme Court of the 
United States. While any such stipu- 
lation modification thereof is in 
force and effect, no proceedings of any 
kind may be maintained by virtue of 
this Act against such public body or 
any public agency, corporation or indi- 
vidual within its jurisdiction. Neither 
this provision nor any provision of this 
Act shall be construed to give to the 
Surgeon General or any other person 
or agency the right to intervene in the 
said proceedings wherein such stipula- 
tion was entered. 

(8) As used in this subsection, the 
term “person” includes an individual, 
corporation, partnership, association. a 
State, municipality and a political sub- 
division of a State. 

Sec. 3. The Surgeon General may, 
upon request of any State water pol- 
lution agency or interstate agency, con- 
duct investigations and research and 
make surveys concerning any specific 
problem of water pollution confront- 
ing any State, interstate agency, 
industrial 
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plant, with a view to recommending a 
solution of such problem. 

Sec. 4. The Surgeon General shall 
prepare and publish, from time to time, 
reports of such surveys, studies, inves- 
tigations, research and experiments 
made under the authority of this Act 
as he may consider desirable, together 
with appropriate recommendations with 
regard to the control of water pollution, 

Sec. 5. The Federal Works Admin- 
istrator is authorized, subject to the 
provisions of section 9 (c), to make 
loans to any State, municipality or in- 
terstate agency for the construction of 
necessary treatment works to prevent 
the discharge by such State or munici- 
pality of untreated or inadequately 
treated sewage or other waste into in- 
terstate waters or into a tributary of 
such waters, and for the preparation 
(either by its engineering staff or by 
practicing engineers employed for that 
purpose) of engineering reports, plans 
and specificaticns in connection there- 
with. Such loans shall be subject, 
however, to the following limitations: 
(a) No loan shall be made for any 
project unless such project shall have 
been approved by the appropriate State 
water pollution agency or agencies and 
by the Surgeon General, and unless 
such project is included in a compre- 
hensive program developed pursuant 
to this Act; (b) no loan shall be made 
for any project in an amount exceeding 
334 per centum of the estimated rea- 
sonable cost thereof, as determined by 
the Federal Works Administrator, or 
in an amount $200,000, 
whichever amount is the smaller; (c) 
everv such loan shall bear interest at 
the rate of 2 per centum per annum, 
payable semiannually; and (d)_ the 
bonds or other obligations evidencing 
any such loan (1) rmust be duly au- 
horized and issued pursuant to State 
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and local law, and (2) may, as to the 
security thereof and the payment of 
principal thereof and interest thereon, 
be subordinated (to the extent deemed 
feasible and desirable by the Federal 


Works Administrator for facilitating 
the financing of such projects) to other 
bonds or obligations of the obligor is- 
sued to finance such project or that 
may then be outstanding. 

Sec. 6. (a) The Surgeon General 
and the Federal Works Administrator, 
in carrying out their respective -func- 
tions under this Act, shall provide for 
the review of all reports of examuna- 
tions, research, investigations, plans, 
studies and surveys made pursuant to 
the provisions of this Act and all ap- 
plications for loans under section 5. 
In determining the desirability of proj- 
ects for treatment works and of ap- 
proving loans in connection therewith, 
consideration shall be given to the pub- 
lic benefits to be derived by the con- 
struction thereof, the propriety of Fed- 
eral aid in such construction, the 
relation of the ultimate cost of con- 
structing and maintaining the works 
to the public interest and to the public 
necessity for the works, and the ade- 
quacy of the provisions made or pro- 
posed by the applicant for the loan for 
assuring proper and efficient operation 
and maintenance of the works after 
completion of the construction thereof. 

(b) There is hereby established 
the Public Health Service a Water 
Pollution Control Advisory Board to 
he composed as follows: The Surgeon 
General or a sanitary engineer officer 
designated by him, who shall be Chair- 
man of the Board; a representative of 
the Department of the Army, a repre- 
sentative of the Department of the 
Interior, a representative of the Fed- 
eral Works Agency and a representa- 
tive of the Department of Agriculture, 
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designated by the Secretary of the 
Army, the Secretary of the Interior, 
the Federal Works Administrator and 
the Secretary of Agriculture, respec- 
tively ; and six persons (not officers or 
employees of the Federal Government ) 
to be appointed annually by the Presi- 
dent. One of the persons appointed by 
the President shall be an engineer who 
is expert in sewage and industrial 
waste disposal, one shall be a person 
who shall have shown an active inter- 
est in the field of wildlife conservation, 
and, except as the President may de- 
termine that the purposes of this Act 
will be better furthered by different 
representation, one shall be a person 
representative of municipal govern- 
ment, one shall be a person representa- 
tive of State government, and one shall 
he a person representative of affected 
industry. The members of the Board 
who are not officers or employees of 
the United States shall be entitled to 
receive compensation at a per diem 
rate to be fixed by the Federal Secu- 
rity Administrator, together with an 
allowance for actual and necessary 
traveling subsistence expenses 
while engaged on the business of the 
Board. It shall be the duty of the 
Board to review the policies and pro- 
gram of the Public Health Service as 
undertaken under authority of this Act 
and to make recommendations thereon 
in reports to the Surgeon General. 
Such clerical and technical assistance 
as may be necessary to discharge the 
duties of the Board shall be provided 
from the personnel of the Public Health 
Service. 

Sec. 7. There is hereby authorized 
to be appropriated to the Federal Se- 
curity Agency for each of the five 
fiscal years during the period begin- 
ning July 1, 1948, and ending June 30, 


1953, a sum not to exceed the sum of 
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20,000,000 for the purpose of making 

loans under section 5 of this Act. 
Sums so appropriated shall remain 
available until expended. 

Sec. 8. (a) There is hereby author- 
ized to be appropriated to the Federal 
Security Agency for each of the five 
fiscal years during the period beginning 
July 1, 1948, and ending June 30, 
1953, the sum of $1,000,000, to be 
allotted equitably and paid to the 
States for expenditure by or under the 
direction of their respective State wa- 
ter pollution agencies, and to inter- 
state agencies for expenditure by them, 
for the conduct of investigations, re- 
search, surveys and studies related to 
the prevention and control of water 
pollution caused by industrial wastes. 
Sums appropriated pursuant to this 
subsection shall remain available until 
expended, shall be allotted by the Sur- 
geon General in accordance with regu- 
lations prescribed by the Federal Se- 
curity Administrator and shall be paid 
prior to audit or settlement by the 
General Accounting Office. 

(b) There is hereby authorized to 
be appropriated to the Federal Works 
Agency for each of the five fiscal years 
during the period beginning July 1, 
1948, and ending June 30, 1953, a 
sum not to exceed $800,000 to enable 
the Federal Works Administrator to 
erect and to furnish and to equip such 
buildings and facilities at Cincinnati, 
Ohio, as may be necessary for the use 
of the Public Health Service in con- 
nection with the research and study of 
pollution of interstate waters and the 
training of personnel in work related 
to the control of pollution of inter- 
state waters. The amount authorized 
for this purpose shall include the cost 
of preparation of drawings and speci- 
fications, supervision of construction 
and other administrative expenses in- 
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cident to the work: Provided, That 
the Federal Works Agency shall pre. 
pare the plans and specifications, make 
all necessary contracts and supervise 
construction. Sums appropriated pur. 
suant to this authorization shall remain 
available until expended. 

(c) There is hereby authorized to 
be appropriated to the Federal Works 
Agency for each of the five fiscal vears 
during the period beginning July 1, 
1948, and ending June 30, 1953, 
sum not to exceed the sum of $1,000. 
000 to enable the Federal Works Ad- 
ininistrator to make grants to States, 
municipalities or interstate agencies to 
aid in financing the cost of engineering, 
architectural and economic investiga- 
tions and studies, surveys, designs, 
plans, working drawings, specifications, 
procedures and other action prelimi- 
nary to the construction of projects 
approved by the appropriate State 
water pollution ageney or agencies and 
by the Surgeon General. Grants made 
under this subsection with respect to 
any project shall not exceed which- 
ever of the following amounts is the 
smaller: (1) $20,000, or (2) 334 per 
centum of the estimated reasonable cost 
(as determined by the Federal Works 
Administrator) of the action prelimi- 
nary to the construction of such proj- 
ect. Sums appropriated pursuant to 
this subsection shall remain available 
until expended. 

(d) There is hereby authorized to 
he appropriated to the Federal Secu- 
rity Agency for each of the five fiscal 
years during the period beginning July 
1, 1948, and ending June 30, 1953. 
such sum (not to exceed the sum ot 
$2,000,000) as may be necessary te 
enable it to carry out its functions 
under this Act. 

(e) There is hereby authorized to 
be appropriated to the Federal Works 
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That Agency for each of the five fiscal years the details of construction and the 
| pre-} during the period beginning July 1, completed treatment works conform to 
make} 1948, and ending June 30, 1953, such the project as approved by the Sur- 
ervise} sum (not to exceed the sum of $500,- geon General; and the Federal Works 
{1 pur-| QUO) as may be necessary to enable it Administrator shall furnish written re- 
emain! to carry out its functions under this ports to the Federal Security Admin- 
Act. istrator on the progress of the work. 
ed to Sec. ¥. (a) To assist in carrying (2) The Federal Works Adminis- 
Vorks | out the purposes of this Act, the ap- trator is hereby authorized (a) to hold, 
years pointinent of engineer and scientist administer. exchange, refund or sell at 
ily l,| officers may be made under the pro- public or private sale any bonds or 
93, a} visions of section 208 (b) (1) of the other obligations evidencing loans made 
000,-/ Public Health Service Act, in addition under this Act: and (b) to collect. or 
< Ad- | to the appointments authorized by such provide for the collection of, interest 
tates, section 208 (b) (1); but not more on and principal of such bonds or other 
les to} than five such additional officers shall obligations. All moneys received as 
ering, | hold office at the same time. proceeds from such sales, and all 
stige: (b) The Federal Security Adminis- moneys so collected, shall be covered 
a trator, with the consent : the head of into the Treasury as miscellaneous re- 
elimi- prc lige pro prs T 
» (d) The Surgeon General and the 
an dh authorized to prescribe such regula- 
ar tions as are necessary to carry out 
their respective functions under this 
ct to} the Federal Works Administrator, Act. 
submited Ge Sec. 10. When used in this Act: 
s the} Federal Security Administrator, speci- Flas 
1 (a) The term “State water pollu- 
Per} fying (a) particular projects approved 
cost | by the Surgeon General, (b) the total — oy the State health 
forks | estimated costs of such projects and except that, we ot 
limi- | (c) the total sum requested for loans 4") ° tate in which there is a single 
proj- | which the Federal Works Administra- State wade other than _the state 
it to] tor proposes to make for such projects, health authority, charged with respon- 
lable} the Federal Security Administrator sibility for enforcing State laws relat- 
shall transfer such total sum (within (8 to the abatement of water pollu- 
d to the amount appropriated therefor) to tion, it means such other State agency ; 
ect- | the Federal Works Administrator for (b) The term _ Interstate agency 
fiscal | the making of loans for such projects ™eans an agency of two or more States 
July pursuant to section 5 hereof. In mak- having powers or duties pertaining to 
953.) ing such loans, the Federal Works the abatement of pollution of waters ; 
n off Administrator shall adhere to the order (c) The term “treatment works” 
Vv t©} or sequence of priority for projects means the various devices used in the 
tions | established by the Surgeon General treatment of sewage or industrial waste 
and shall take such measures as, in of a liquid nature, including the neces- 
d tol his judgment, will. assure that the sary intercepting sewers, outfall sewers, 
orks engineering plans and specifications, pumping, power and other equipment, 
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and their appurtenances, and includes 
any extensions, improvements, remod- 
eling, additions and alterations thereof ; 

(d) The term “State” means a 
State, the District of Columbia, Ha- 
waii, Alaska, Puerto Rico_or the Vir- 
gin Islands; 

(e) The term “interstate waters” 
means all rivers, lakes and other wa- 
ters that flow across, or form a part of, 
State boundaries ; and 

(f) The term “municipality” means 
a city, town, district or other public 
body created by or pursuant to State 
law and having jurisdiction over dis- 
posal of sewage, industrial wastes or 
other wastes. 

Sec. 11. This Act shall not be con- 
strued as (1) superseding or limiting 
the functions, under any other law, 
of the Surgeon General or of the Pub- 
lic Health Service, or of any other of- 
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ficer or agency of the United States. 
relating to water pollution, or (2) af- 
fecting or impairing the provisions of 
the Oil Pollution Act, 1924, or sections 
13 through 17 of the Act entitled “An 
Act making appropriations for the con- 
struction, repair and preservation of 
certain public works on rivers and 
harbors and for other purposes,” ap- 
proved March 3, 1899, as amended, or 
(3) affecting or impairing the provi- 


sions of any treaty of the United 
States. 
Sec. 12. If any provision of this 


Act, or the application of any provi- 
sion of this Act to any person or cir- 
cumstance, is held invalid, the applica- 
tion of such provision to other persons 
or circumstances, and the remainder of 
this Act, shall not be affected thereby. 
Sec. 13. This Act may be cited as 
the “Water Pollution Control Act.” 
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